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There's only one real king 
in the world of CDMA testing... 

Noise Com. 
The WIS Series 

(Wireless Impairment System) -
A complete CDMA testing solution that 
turns in a great perfonnance...every time. 

To completely characterize the performance 

of CDMA base and mobile stations, a hodge-

podge of general-purpose test equipment just 

won't do. You need an integrated 

solution designed to satisfy all of the 

demands of test standards such as 

IS-97A and IS-98A for cellular, and 

ANSI-J-STD-019 and ANSI-J-STD-018 

for PCS applications. That's precisely 
the job Noise Com's WIS Series is 

designed to do. 

The WIS Series is the only test 

station to combine so many 

automated CDMA measurement 

capabilities in a single, rack-mount 

system. It can provide emulation of 

wireless channel impairments such as 

additive white Gaussian noise 

(AWGN), multipath fading, as well 

as interference. 

Performance that meets 
all the standards. 

AWGN generator that can precisely set Eb/No, 

C/N, and C/I ratios. The WIS Series can be 

configured with either base or mobile station 

interface or both, providing a complete 

impairment solution. 

Combine the WIS Series with either a 

base station or mobile transmitter, or a base 

or mobile station simulator, and 

you have the most accurate, 

comprehensive CDMA 

measurement solution available. 

The configuration of the WIS 

Series is flexible, too, so you can pick 

and choose the capabilities you want 

right now, with the option to modify 

or upgrade them later. So, whether 

your measurement needs are in 

product development and design veri¬ 

fication, production testing, or quality 

control, the WIS Series is the system 

you can rely on today... and tomorrow. 

Call us about our entire 
line of wireless test solutions. 

When you're ready to rock and roll in 

CDMA, there's only one name to remember 

Noise Com. For more details, call Alex Kim 

To emulate multipath fading, the WIS Series 

can model wireless communication channels 

between base stations and mobile transceivers 

using Rayleigh, Rician, Log-Normal, Suzuki, and 

Nakagami fading statistics. The WIS Series is 

also the only CDMA test solution with an 

today at (201) 261-8797, fax us at (201) 261-8339, 

e-mail: noisecom@haven.ios.com, or write 

us at E. 49 Midland Ave., Paramus, NJ 07652. 

Noise Com. We're your global partner for 

wireless, telecommunications and noise 

testing solutions. 

INFO/CARD 5 



LQ MODULATORS 



DEMODULATORS 
1.15MHz to 1880MHz from $19.95 

k l&Q Modulators and Demodulators . . . another smart offering from MiniCircuits 
k that’s pushing industry standards to new heights (and prices to new lows)! 
A Infuse your cellular, radar and communication system project with the 
■ powerful new l&Q Modulator and Demodulator, surface mount and 
S plug-in units. Units so reliable, the specified statistical data on 
■ performance holds up with rock-solid repeatability unit-to-unit. 
■ For high speed assembly operations, l&Q Modulators and 
V Demodulators are available in tape and reel format, so you can bank 
f on consistent assembly performance for production efficiency time 

after time ... and with prices starting at just $19.95, these powerful and 
compact units truly are the next generation of value on the market today. 

So, call your Mini-Circuits distribution center at a number listed 
below for guaranteed one week shipment or, turn to our applications 

department with your special specs for custom units at catalog prices. 

We’re redefining what VALUE is all about! 

MIQA-10M 
MIQA-21M 
MQA-70M 
MIQA-70ML 
MIQA-91M 
MIQA-100M 
MQA-108M 
MIQA-195M 

MIQC-38M 
MIQC-88M 
MIQC-176M 
MIQC-895M 
MIQC-1785M 
MIQC-1880M 

□ MIQY-70M 
□ MIQY-140M 

FREQ. 
(MHz) 

fL fU 
9 11 

20 23 
66 73 
66 73 
86 95 
95 105 
103 113 
185 205 

34 38 
52 88 
104 176 
868 895 
1710 1785 
1805 1880 

67 73 
137 143 

□ JCIQ-88M 
□ JOQ-176M 

l/Q MODULATORS 
CONV. CARRIER SIDEBAND HARM. 
LOSS REJ. REJ. SUPPRESS 

_ (dB) (-dBc) (-dBc) (-dBc) Typ. 
X a Typ. Typ. 3xl/Q 5xi/Q 

5.8 0.20 41 40 58 68 
6.2 0.14 50 40 48 65 
6.2 0.10 38 38 48 58 
5.7 0.10 38 38 48 58 
5.5 0.10 38 38 48 58 
5.5 0.10 38 38 48 58 
5.5 0.10 38 38 48 58 
5.6 0.10 38 38 48 58 

5.6 0.10 48 37 54 65 
5.7 0.10 41 34 52 66 
5.5 0.10 38 36 47 70 
8.0 0.10 40 40 52 58 
9.0 0.30 35 35 40 65 
9.0 0.30 35 35 40 65 

5.8 0.20 40 36 47 60 
5.8 0.20 34 36 45 60 

Surface Mount Models 
5.6 0.1 40 35 45 65 
5.6 0.1 35 35 45 65 

PRICE 
$ 

Qty. 
(1-9) 

49.95 
39.95 
39.95 
49.95 
49.95 
49.95 
49.95 
49.95 

49.95 
49.95 
54.95 
99.95 
99.95 
99.95 

19.95 
19.95 

49.95 
54.95 

MODEl 

FREQ. 
(MHz) 

. fU 

l/Q DEMODULATORS 
CONV. 
LOSS 
(dB) 

AMP. 
UNBAL. 

(dB) 
Typ. 

PHASE 
UNBAL. 
(Deg.) 
Typ. 

HARM. 
SUPPRESS 
(-dBc) 

3x1/0 
Typ. 
5xi/Q 

PRICE 
$ 

Qty. 
(1-9) 

MIQA-10O 
MIQA-21D 
MIQA-70D 

0.10 
0.15 
0.10 

0.15 
0.15 
0.15 

49.95 
49.95 
49.95 

MIQC-38D 
MIQC-60WD 
MIQC-895D 

34 
20 

868 

38 
60 
895 

0.10 
0.10 
0.20 

0.10 
0.15 
0.15 

49.95 
79.95 
99.95 

□ MQY-1.25D 1.15 1.35 
□ MIQY-70D 67 73 
□ MIQY-1400 137 143 

□ JOO-1760 104 176 
□ JOQ-895D 868 895 
□ JOO- 17850 1710 1785 
□ JCIQ- 18800 1805 1880 

5.0 0.10 0.15 
5.5 0.25 0.10 
5.5 0.25 0.10 

Surface Mount Models 
5.5 0.1 0.15 
8.6 0.1 0.2 
8 0.2 0.2 
8 0.2 0.2 

1.0 59 67 29.95 
0.5 52 66 19.95 
0.5 47 70 19.95 

2 52 65 54.95 
1 45 65 99.95 
2 50 65 99.95 
2 50 65 99.95 

□ NON-HERMETICALLY SEALED 

MIQA case .4 x .8 x .4 in. MIQY case .8 x .8 x .4 In. 
MIQC case .8 x .8 x .4 in. JCIQ case .9 x .8 x .25 in. 

All Models Available in New 
J-LEAD Surface Mount Package. 

Consult Factory for Details. 

GJ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits.com 

US 58 INTL 70
CHOE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 156 Rev C 



VOLTAGE CONTROLLED 

OSCILLATORS 

25 to 2000MHz (+7dBm output) from ▼ ■ f (5-49) 
It’s a fact! With Mini-Circuits new POS family of shielded, laser sealed, 

voltage controlled oscillators, ycu pay less and get more...Superior 
Performance, Top Notch Quality, and Value Pricing. Features include wide 
band models with typically octave oandwidths and linear tuning. Low SSB 
phase noise characterized at 100Hz to 1 MHz offsets. Excellent harmonic 
suppression typically more than 30dB below. RF power output of +7dBm, 
excellent for driving level 7 mixers. Miniature size occupying only 0.4”x0.8” 
board space. Hermetically sealed and ruggedly constructed for 
tough environments. And best of all, these extremely reliable, high 
performance VCO’s are affordably priced from only $1 1.95 each (qty.5-49). 
Call Mini-Circuits today for guaranteed shipment within one week. 
Mini-Circuits... we’re redefining what VALUE is all about! 

DESIGNER’S KITS: 
K-POS1 $124.95 (contains 1ea. all models). 
K-POS2 $79.95(contains 1ea. all models except POS-75,-150,-300). 
K-POS3 $79.95 (contains 2ea. models POS-1 060,-1 400,-2000). 

Model 
POS-50 
POS-75 
POS-1 00 
POS-150 
POS-200 
POS-300 
POS-400 
POS-535 
POS-765 
POS-1025 

NEW POS-1060 
NEW POS-1400 
NEW POS-2000 

Freq. Range 
(MHz) 
25-50 

37.5-75 
50-100 
75-150 
100-200 
150-280 
200-380 
300-525 
485-765 
685-1025 
750-1060 
975-1400 
1370-2000 

*Max. Current (mA) @ 8V DC. 

Phase Noise 
(dBc/Hz) 

SSB@10kHzTyp. 
-110 
-110 
-107 
-103 
-102 
-100 
-98 
-93 
-85 
■84 
-90 
-95 
-95 

Harmonics 
(dBc) 
Typ. 
-19 
-27 
-23 
-23 
-24 
-30 
-28 
-26 
-21 
-23 

Current (mA) 
@+12VDC 

Max. 
20 
20 
20 
20 
20 
20 
20 
20 
22 
22 
30* 
30* 
30* 

Price 
(Qty.5-49) 
$ ea. 
11.95 
11.95 
11.95 
11.95 
11.95 
13.95 
13.95 
13.95 
14.95 
16.95 
14.95 
14.95 
14.95 

freq, range. 1 to 20V for POS-1060 Notes: Tuning voltage 1 to 16V required to cover 
to -2000. Models POS-50 to -1025 have 3dB modulation bandwidth, 100kHz typ. 
Models POS-1060 to -2000 have 3dB modulation bandwidth. 1 MHz typ. 
Operating temperature range: - 55°C to +85°C. 

ÇZJ Mini-Circuits” 
_ CIRCl F READER SERVICE CARD 

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http ://www. minicircuits, com 
For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 195 Rev C 
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featured technology 
22 Wideband high-efficiency 

power amplifiers 
An important characteristic of power 
amplifiers is the efficiency of their output 
stages. This is particularly true for solid¬ 
state amplifiers designed for military or 
heavy-duty commercial use. This article 
describes a novel approach to the design of 
wideband, high-efficiency power amplifiers. 

- Robert J. Dehoney 

36 Program accelerates 
receiver and transmitter cover story — p. 47 

design 
Analysis of spurious signals in broadband, spurious-free receivers 
and transmitters is time consuming. A new software program can 
help to speed the process. 

- Mark Atkinson 

cover story 
47 CDMA signals: 

A challenge for power amplifiers 
Certain aspects have to be taken into consideration when selecting 
a mobile signal source for performing measurements on power 
amplifiers. These aspects are looked at in reference to the 
Telecommunications Industry Association Interim Standard IS-95, 
which defines CDMA mobile network air interface parameters. 

- Klaus D. Tiepermann 

departments 
8 Editorial 
14 Letters 
16 Calendar 
18 Courses 
20 News 
61 Industry Insight 
64 New Products 
70 New Software 
70 New Literature 
73 Marketplace 
82 Advertiser Index 
82 Company Index 

tutorial 
54 Hints on cutting costs 

In today’s market-driven economy, an engineer must design a 
product that meets all specifications and that satisfies the mar¬ 
keting department. A few hints are given as to how to cut costs, 
and make the marketing department happy, without sacrificing 
performance. 

- Ernest Worthman 

Coming in August 

• Antennas 

• Coaxial cable 
tutorial 

• Product focus: CAD 
for circuits 
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Sprague-Goodman 

4*®'* Mi» 
KF editorial 

I 

Glass and Quartz 
Pistoncaps’ 

• Designed to meet MIL-C-1 4409D 
• QPL models 
• Extremely stable over temperature, 

frequency, voltage, etc. 
• Cap ranges: 0.5-3.0 pF to 1.0-120 pF 
• Zero backlash multiturn adjust 

mechanism 
• Operating temp: -55° to +125°C 

(models to + 200°C) 
• Oto 1500 at 20 MHz 
• Wide variety of configurations for PC 

and panel mounting 
• Voltage ratings from 500 to 5000 V 

Phone, fax or write today for 
Engineering Bulletin SG-205 

By Don Bishop 
Editorial Director 

SPROGUE 
GOODmnn 

1700 Shames Drive. Westbury, NY '1590 
Tel: 516-334-8700 • Fax: 516-334-8771 

Ceramic Dielectric 
Trimmer Capacitors 
Rugged 5 & 7 mm types 

• Operating temp: -55° to +125°C 
• Cap ranges: 1.0-3.0 pF to 10.5-90 pF 

Miniature types suitable for hybrids 
• Operating temp: -25° to +85°C 
• 2 series: 2.0 x 1.2 mm; 3.0 x 1.5 mm 
• Cap ranges: 1.0-3.0 pF to 6.0-43 pF 

Plastic encased 4 x 4.5 mm and 
5 mm types 

• Designed for volume applications 
• SMT and printed-thru-hole models 
• Cap ranges: 1.4-3.0 pF to 20.0-90.0 pF 

Phone, fax or write today for 
Bulletin SG-305. 

SPROGUE 
Gooomon 

1700 Shames Drive, Westbury, NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 

MTT-S 
No one can see all that there is to see 

at the Microwave Theory and Tech¬ 
niques Society’s (MTT-S) International 
Microwave Symposium and Exhibition 
and the related symposia, conferences 
and seminars. Our technical editor, 
Gregg Miller, and I met many readers 
and visited a number of manufacturers. 
If we missed you, we’ll look forward to 
seeing you at the next conference or at 
the RF Design Seminar Series, October 
21-23 in Wakefield, MA. 
My return from MTT-S coincides with 

my deadline for this column. News and 
product information derived from the 
show will follow in subsequent issues. 

Editorial calendar 
It’s time to choose topics for the 1997 

editorial calendar. The calendar sets 
the course for the magazine’s editorial 
contents year-by-year, and suggestions 
for topics are gathered from readers, 
editorial advisory board members, mar¬ 
keting managers and the editors. Your 
suggestions are welcome. You can E-
mail them to me at don_bishop@ intop. 
ccmail.compuserve.com, to Gregg at 
gregg_miller@intden.ccmail. 
compuserve.com or mail, phone or fax 
them, using our address and numbers 
in the masthead on page 10. 

New team members 
With this issue, we’re welcoming our 

new associate editor, Patricia Werner, 
who comes to us with a background in 
technical writing, editing and desktop 
publishing. Along with coordinating the 
editorial side of the magazine produc¬ 
tion, Pat writes the news reports, tracks 
events and educational courses, and 
covers the publication of software and 
literature. 

Another new member of the team is 
Ernest Worthman, our contributing 
editor. I came to know Ernest and to 
respect his work several years ago 
when he was the technical editor for 
Communications magazine, a com¬ 
petitor to one of the other magazines in 
the group to which RF Design belongs. 
With a B.S.E.E.T. and a background in 
hands-on technical work and in mar¬ 
keting, Ernest is a researcher and a 
technology enthusiast, who owns a com¬ 
pany that trains people how to use com¬ 
puters. His first column appears in this 
issue. 

Engineering and culture 
The business of engineering elec¬ 

tronic products crosses international 
frontiers and, at the same time, cultural 
boundaries. Someone I spoke with at 
MTT-S described one company’s policy 
of exchanging engineers between its 
U.S. and Japanese facilities. 

First, it was explained that more and 
more U.S.-made products are flowing to 
Japan, and the American engineers can 
bring their firsthand knowledge to help 
to resolve service problems. They learn 
more about the Japanese market, too. 
Second, the Japanese engineers who 

work for a time in the U.S. facility are 
exposed to what some believe is a 
greater American propensity for indi¬ 
vidual creativity. The idea is that, when 
these engineers return home, they 
might help to infuse greater individual 
initiative to go along with already 
highly-developed teamwork. 

I presume this policy works best 
within a multinational company—or 
are there other opportunities? If you or 
your company is involved in an ex¬ 
change program of this type, I’d like to 
hear from you. 

8 INFO/CARD 2 July 1996 



Kalmus: A Tradition 
of High Performance, 
Value-Packed 
RF Amplifiers 

hen Kalmus began designing and 
manufacturing RF amplifiers in 1971, 
the vision was to produce rhe best high 

performance product possible for the best possible price. 

“As we address the needs of the engineering community 
in the 21st century, we never lose sight of this tradition. 
At the same time, however, we are taking our operations 
to an unprecedented level of engineering and 
manufacturing excellence.” 

“For example, our engineering 
and design capability enables 
us to respond rapidly to customer 
requirements. And with improved 
order handling and production 
capability, we are continually 
reducing delivery times.” 

Kalmus 
offers 
over 120 
ruggedly 

O o 

built RF amplifiers for use in EMC testing, 
medical, communications and general laboratory 
applications. A comprehensive line of RF 
amplifier modules and custom amplifier options 
are also available. 

RF AMPLIFIERS 
• Stock and Custom Amplifiers and Modules 
• Meets RF Immunity Standards, including IEC 
1000-4-3 and 1000-4-6 

Straight 

About 
“With the resources of Thermo 
Voltek behind us, Kalmus is 
committed to producing 
technically advanced RF 
amplifiers upon which customers 
can depend, and to expanding 
its leadership position. 

RF Power 

Amplifiers 

EMC Test Amplifiers 
• RF power levels from 1 to 3000 
Watts 

• Covering the frequency spectrum 
from lOKHz to 1GHz 

Communications Amplifiers 
• RF power levels to 1000 Watts 
• Covering communications bands 

to 1GHz 
Pulsed Amplifiers 
• RF power levels to 12 KW 
• Fast rise and fall times, high 

efficiency 
Dual Band Amplifiers 
• RF power levels to 100 Watts 
• Offers operator convenience 
and cost savings without 
technical/capability compromise 

Colin 1. W. Baxter, President 
Kalmus 

Distributed Tube Amplifiers 
RF power levels to 2000 Watts 
Cover 14 octaves from lOKHz to 220MHz with rise 
and fall times of better than 3 nanoseconds 

O.E.M. Amplifier Modules 
RF power levels from 1 to 250 Watts 
Many stock and custom modules can be tailored for 
specific O.E.M. applications 

For detailed information about the full line of Kalmus RF 
amplifiers, please contact: 1-800-344-3341 

Kalmus • 21820 - 87th S.E. • Woodinville, WA 98072 USA 
Tel: (206) 485-9000 • Fax: (206) 486-9657 

Distributor: 

KeyTek • One Lowell Research Center • Lowell • MA 018524345 USA 

(800) 753-9835 • Tel: (508) 275-0800 • Fax: (508) 275-0850 

http://www.thermovoltek.com 

Kalmus and KeyTek are divisions of Thermo Voltek Corporation, a Thermo Electron Company. 
Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to 
change without notice. 

Thermo Voltek 
COMTEST BENELUX • COMTEST ITALIA • COMTEST UK • KALMUS • KEYTEK • VERIFIER • UVC 
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Hittite SP4T Switch 
On-Chip Decoder Reduces 8 Control Lines to 2 

HMC165S14 
• Low Insertion Loss 0.4dB 

• Integrated 2:4 Decoder 
• 14 Lead SOIC Package 

The HMC1 65S1 4 is a low-cost SP4T switch in a 14-lead SOIC package for use 
in antenna diversity, switched filter banks, gain/attenuation selection, and 
general channel multiplexing applications. The switch can control signals up to 
2.5GHz and is especially suited for the 800-
1000MHz band. A 2:4 decoder is integrated 
on-chip, requiring only 2 control lines and a 
negative bias to select each RF path. The 
2:4 decoder replaces 4 to 8 control lines 
normally required by GaAs SP4T switches. 
The decoder can be biased with -3 to -6.5 
Volts, draws less than 6mA, and switches in 
50ns (-40 to +85 Deg. C). The two control 
lines are driven with standard TTL or CMOS 
using a simple driver circuit described in the 
data sheet. 

Functional Diagram 

Hittite Product Selection Guide 
Both die (shaded) and packaged die are shewn below. Packaged die available for most MMICs. 

Mixers 
Part No. — 
HMC 140 
HMC128 
HMC128G8 

RF Band— 
0.8-2.4 GHz 
1.8-5 GHz 
1.8-5 GHz 

Switches 

HMC129G8 4-8 GHz 

New 
New 

HMC 130 
HMC141 
HMC 142 
HMC 143 
HMC 144 
HMC147S8 

HMC168C8 
HMC171C8 

6-18 GHz 
6-18 GHz 
5-20 GHz 
5-20 GHz 
1.6-3.4 GHz’ 

4.5-8-OGHz 
7.0-1 0.0GHz 

High Isolation 
High Isolation 
High Isolation, SMT 

High Isolation. SMT 

DC-6 GHz IF Band 
Mirror of HMC141 
Triple-Balanced 

Mirror of HMC143 
Low cost SOIC Pkg. 

Surface Mount Pkg. 
Surface Mount Pkg. 

PartNo,— 
HMC103 
HMC 104 
HMC 105 
HMC106 
HMC 132 
HMC132G7 
HMC132P7 

HMC154S8 
HMC159S14 
HMC160S14 

HMC165S14 
HMC167SS8 

BF_Band 
DC-6 GHz 
DC-6 GHz 
DC-6-GHz 
DC-4-GHz 
DC- 15 GHz 
DC-6 GHz 
DC-6 GHz 

DC-2.5GHZ 
DC-2.0GHZ 
DC-2.0GHZ 

DC-2.0GHZ 
DC-2.0GHZ 

Non-Reflect SPST 
Non-Reflect SPDT 
3-Watt SPST 
3-Watt SPDT 
High Isolation SPDT 
SMT Pkg. SPDT 
Microstrip Pkg. SPDT 

TX/RX SPDT (SOIC) 
Transfer Switch(SOIC) 
Diversity Switch(SOIC) 

SP4T Switch (SOIC) 
SPDT Switch (SSOP) 

New 
New 

Variable Attenuators 
Part Na- RF Band- Features 
HMC109 DC-8 GHz Linear Control WA 

HMC121 DC-1 5 GHz 30dB WA, Sngl Cntl 
HMC121G8 DC-8 GHz SMT Pkg WA 
HMC110 DC-10 GHz 5 Bit Digital Atten 

Variable Gain Amplifiers 
Part No.- RFBand Failures 
HMC 151 1 -4 GHz 20 dB Gain Adjoint 
HMC152 2.5-5 GHz 20 dB Gain Adjoint 

HMC153_ 2.5-5 GHz Bidirectional Ampl 

Frequency Doubters _ 
' L Input Band Output Band Conv. Loss F1 Isolation F3 Isolation" 

0.8-1.7 GHz 1.6-3.4 GHz 15 dB 30 dB 35 dB 
1.2-2.6 GHz 2.4-5.2 GHz 13 dB 37 dB 37 dB 
1.6-3.6 GHz 3.2-7.2GHZ 13 dB 32 dB 32 dB 

Bi-Phase Modulators 
Part No. RF Band Features 
HMC135 1.8-5.2 GHz 30 dBc Carrier Suppr 

HMC136 4-8 GHz 30 dBc Carrier Suppr 
HMC137 6-11 GHz 20 dBc Carrier Suppr 

Sensors/Sources _ 
PartNOe BEBand Features 
HMC124 5-6 GHz Int FM-CW Radar 
HMC131 5-6 GHz VCO w/Euffer Ampl 

HMC 156 
HMC 157 

HMC158 

W Hittite 
For ordering information, contact: 

Hittite Microwave Corporation 
21 Cabot Road, Woburn MA 01801 
Phone: (617)933-7267 Fax: (617)932-8903 
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Everything points 
to the largest 
selection of 
the smallest 
RFICs. 

C
G
C
M
9
6
0
1
 

Introducing more of the 
world’s smallest 3V RFICs 
- with the price, perfor¬ 
mance and size you need 
for wireless applications. 
Now there’s an easy way to get 
the building blocks you need for 
emerging higher-frequency 
applications, such as PCS, PHS, 
wireless data and Wireless Local 
Loop . 

We’ve expanded our SOT-363 
RFIC family with cost-effective 
downconverters and driver 

amplifiers that complement our 
LNA and gain block lines. 

The versatile new MGA-81563 
and MGA-82563 medium-power 
amplifiers deliver excellent 
dynamic range and high effi¬ 
ciency. 

And our new IAM-91563 
downconverter provides high 
conversion gain and linearity, 
with surprisingly low noise figure. 

Plus, you can specify our new 
RFICs with confidence because 
they’re backed by HP quality and 

proven high-volume manufac¬ 
turing capability. 

Our stocking distributor 
Penstock has 20 offices nation¬ 
wide staffed with engineers to 
support your design applica¬ 
tions. 

Call HP at 1-800-537-7715, 
ext. 1430 for a Selection Guide 
and Data Sheets. 

Or get right to the point 
and call 1-800-PENSTOCK 
for information on 
free samples. 

“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM” 
Typical Performance 

In Northern California, (408) 745-8100 
In Canada, (613) 592-6088 

Part Description Frequency Voltage Current NF Gain IP3 
Number Range (MHz) (V) (mA) (dB) (dB) (dBm) 

► IAM-91563 Downconverter 800-6000 3 9 8.5 9 +2.5 
INA-51063 Gain block DC-2400 5 12 3.0 20.5 +6 
INA-52063 Gain block DC-1600 5 30 4.0 22 +15 

► MGA-81563 Driver amp 100-6000 3 42 2.7 12 +27 
► MGA-82563 Driver amp 100-6000 3 84 2.2 13 +31 

MGA-86563 LNA 1500-6000 5 14 1.6 22 +15 
MGA-87563 LNA 500-4000 3 4.5 1.6 14 +8 

PENSTOCK 

Ihnl HEWLETT 
WírJÊ PACKARD 

New product for *96 
INFO/CARD 12 



OUR STANDARD MONOLITHIC CRYSTAL FILTERS 
All 2 pole and 4 pole monolithics ship from stock on hand. 

70
.0

 M
Hz
 

45
.0

 M
Hz
 

21
.4

 M
Hz

 
10
.7
 M
Hz

 

NO. TEMEX PASSBAND STOPI BAND LOSS RIPPLE ULT. REJ. TERM. 
POLES P/N dB ±KHz dB ±KHz dB ±KHz dB dB-MAX dB-MIN. ii/PF 

2 
4 

TE5000 
TE5O10 

3 
3 

3.75 
3.75 

20 
30 

18.0 
14.0 -

2 
3 

1.0 
2.0 

50 
60 

1800//+4 
1500//+3 

6 TE5O20 6 60 12.5 « 4 2.0 70 1500//+3 
8 
2 
4 
6 

TE5O30 
TE5040 
TE5050 
TE5060 

6 
3 
3 
6 

3.75 
6.50 
6.50 
6.50 

60 
20 
30 
60 

10.0 
30.0 
15.0 
19.5 

90 12.5 5 
1 
2 
3 

2.0 
1.0 
2.0 
2.0 

80 
50 
75 
90 

1500//+3 
27007/0 
3100//0 
3100//0 

8 
2 
4 
6 
8 
2 
4 
6 
8 

TE5070 
TE5080 
TE5090 
TE5100 
TE5110 
TE5120 
TE5130 
TE5140 
TE515O 

6 
3 
3 
6 
6 
3 
3 
6 
6 

6.50 
7.50 
7.50 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

60 
20 
30 
60 
60 
20 
30 
60 
60 

13.0 
35.0 
17.5 
22.5 
15.0 
70.0 
35.0 
45.0 
30.0 

80 

80 

80 

17.5 

20.0 

40.0 

4 
1 
2 
3 
3 
1 
2 
2 
3 

2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 

100 
50 
75 
90 
100 
35 
60 
90 
100 

3100//0 
30OO//0 
3300//O 
3300//0 
330O//0 
5OOO//-1 
5000//-1 
5000//-1 
5000//-1 

NO. 
POLES 

TEMEX 
P/N 

PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
Q/PF dB ±KHz dB ±KHz dB ±KHz 

2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 

TE5180 
TE5190 
TE5200 
TE5210 
TE5220 
TE5230 
TE5240 
TE5250 
TE5260 
TE5270 
TE5280 
TE5290 
TE5300 
TE5310 
TE5320 
T E5330 

3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 

3.75 
3.75 
3.75 
3.75 
6.50 
6.50 
6.50 
6.50 
7.50 
7.50 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

15 
30 
60 
60 
15 
30 
60 
60 
15 
30 
60 
60 
15 
30 
60 
60 

12.5 
12.5 
12.5 
10.0 
20.0 
22.5 
22.5 
17.5 
25.0 
25.0 
25.0 
20.0 
50.0 
45.0 
45.0 
33.0 

80 

80 

80 

80 

12.5 

22.5 

25.0 

45.0 

2 
3 
4 
5 
2 
3 
4 
4 
2 
3 
4 
4 
2 
3 
3 
4 

1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 

50 
70 
90 
100 
50 
70 
90 
100 
50 
70 
90 
100 
45 
60 
90 
100 

850//+6 
850//+5 
850//+5 
850//+5 

1300//+2 
1400//0 
14007/0 
1400//0 
1500//0 
1600//0 
1600//O 
1600//0 
3000//0 
3000//-1 
3000//-1 
3000//-1 

NO. 
POLES 

TEMEX 
P/N 

MODE PAS SBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
O/PF dB ±KHz dB ±KHz 

2 
4 
2 
4 
2 
4 
2 
4 

TE9420 
TE9310 
TE7420 
TE7430 
TE7440 
TE7450 
TE7730 
TE7740 

3-OT 
3-OT 
3-OT 
3-OT 
3-OT 
3-OT 
FUND 
FUND 

3 
3 
3 
3 
3 
3 
3 
3 

3.75 
3.75 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

18 
30 
18 
40 
15 
30 
15 
40 

16.0 
12.5 
28.0 
30.0 
47.0 
50.0 
50.0 
60.0 

3 
3 
2 
3 
2 
3 
2 
3 

1 
1 
1 
1 
1 
1 
1 
1 

40 
70 
40 
70 
40 
70 
40 
70 

2000//-1.0 
20OO//-1.0 
3000//-1.0 
3000//-1.0 
8OOO//-1.5 
8OOO//-1.5 
1100//+1.5 
800//+1.0 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAN D LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
Í2/PF dB ±KHz dB ±KHz dB KHz 

2 
4 
2 
4 

TE10400 

TE10410 
TE10420 
TE10430 

3-OT 

3-OT 
3-OT 
3-OT 

3 
3 
3 
3 

7.5 
7.5 
10 
10 

18 
35 
15 
35 

30 
25 
30 
40 

35 
80 
35 
80 

-910 
-910 
-910 
-910 

2 
3 
2 
3 

1 
1 
1 
1 

20OO//-1 
2000//-1 
2500//-1 
2500//-1 

NO. TEMEX MODE PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
SVPF dB ±KHz dB ±KHz dB KHz 

2 
4 
2 
4 

TE10440 
TE10450 
TE10460 
TE10470 

3-OT 
3-OT 
3-OT 
3-OT 

3 
3 
3 
3 

7.5 
7.5 
10 
10 

18 
35 
15 
35 

30 
25 
30 
40 

35 
80 
35 
80 

-910 
-910 
-910 
-910 

2 
3 
2 
3 

1 
1 
1 
1 

2000//-1 
2000//-1 
2500//-1 
2500//-1 

4 TE10480 3-OT 3 15 30 50 80 -910 3 1 4000//-1 

VISA AND MASTERCARD ACCEPTED 

European 
contacts: 

France or 
Benelux 
(Tel) 
(33)25.76.45.00 
(Fax) 
(33)25.80.34.57 

United Kingdom 
(Tel) 
(44)1.734.258.040 
(Fax) 
(44)1.734.258.050 

Germany 
(Tel) 
(49)89.51.640 
(Fax) 
(49)89.51.64.194 

Nordic 
(Tel) 
46)8.756.70.40 
(Fax) 
(46)8.756.70.44 

Italy 
(Tel) 
(39)2.761.101.68 
(Fax) 
(39)2.738.54.62 

All Others: 
(Tel) 
(33)25.76.45.00 
(Fax) 
(33)25.80.34.57 

MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE 
CONSULT TEMEX FOR ALL YOUR FREQUENCY CONTROL PRODUCTS 

IN THE UNITED STATES CONTACT: TEMEX ELECTRONICS, INC. 
3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027 

(602) 780-1 995 FAX (602) 780-2431 



NEW FROM OUR FACILITY IN 

NEUCHATEL, SWITZERLAND. 

RUBIDIUM TEMEX 
ATOMIC CLOCKS 

FEATURING: 
LOW TEMPERATURE 

SENSITIVITY 

LOW PHASE NOISE 

EXCELLENT SHORT & 
LONG TERM STABILITY 

5 YEAR Rb LAMP UFE 
EXPECTANCY 

PLUG-COMPATIBLE 
WITH AN INDUSTRY 

STANDARD 

LOW POWER 

CONSUMPTION 

FAST WARM-UP 

SMALL VOLUME 

RS 232 INTERFACE FOR 
CENTER FREQUENCY 
ADJUSTMENT AND 
MONITORING OF THE 

WORKING PARAMETERS 
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RF letters 
Dear Editor, 
The article by Glenn A. Parker that 

appears on pages 70-73 of your March 
1996 issue concerns three-pole active 
filters. The author states that . the 
symbolic solution for third-order filters 
is not documented.” May I refer your 
readers to an article entitled “Design of 
Highpass, Lowpass and Bandpass Fil¬ 
ters Using R-C Networks and Direct-
current Amplifiers with Feedback” by 
C.C. Shumard of RCA Labs, published 
in RCA Review, pages 534-564, De¬ 
cember 1950. In it, Shumard shows how 
to easily realize buffered, three-pole 
Butterworth response filters using only 
resistors and capacitors as the passive 
elements in configurations closely 
paralleling those shown by Parker. 
Shumard was part of the TV develop¬ 

ment team headed by Vladimir K. 
Zworykin at RCA, where he first spe¬ 
cialized in the design and development 
of wideband IF amplifiers for TV 
receivers. Please see “A Practical Tele¬ 
vision Receiver for the Amateur,” QST, 

December 1938, pages 21-25, 72, 74 
and 76. 

Craig T. Brown, Inland Empire Labs 
Corona, CA 

Errata 
We wish to correct an error in 

Bernard Kasmir’s article, “Measuring 
Range and Reliability for Part 15 Sys¬ 
tems,” which appeared in our May 1996 

issue. Table 1 on page 30 erroneoui 
showed 99% reliability for 0 dB margi 
The table should have read 99% reh 
bility for 20 dB margin. 

A table was omitted from page 84 
Dr. Frederick H. Raab’s article, “2 
Introduction to Class-F Power Amp 
fiers” in our May 1996 issue. Table 
appears below. 

m 1 
n = 1 n = 3 n = 5 n = ~ 

1 1/2 = 0.500 9/16 = 0.563 75/128 = 0.586 2/k = 0.637 
2 2/3 = 0.667 3/4 = 0.750 25/32 = 0.781 8/3n = 0.849 

4 32/45 = 0.711 4/5 = 0.800 5/6 = 0.833 128/45rt = 0.905 

~ rt/4 = 0.785 9jc/32 = 0.884 75n/256 = 0.920 1 = 1.000 

Pmax 
n = 1 n = 3 n = 5 n = ~ 

1/8 = 0.125 9/64 = 0.141 75/512 = 0.146 1/2n = 0.159 

m = highest even harmonic properly controlled 

n = highest odd harmonic properly controlled 

Table 1. Characteristics with various combinations of harmonics. 

AYDIN VECTOR INTRODUCES THE SMALLEST 
RF TRANSMITTER IN THE INDUSTRY ... 

T-300 S/L SERIES SUBMINIATURE AIRBORNE 
• UHF, VIDEO/TELEMETRY TRANSMITTER 

WITH ADVANCED MICROCIRCUIT TECHNOLOGY 

FEATURES ' 
• Extensive. Use of Advanced Microcircuits, Microstrip - • 
and Surface Mount Technology 

• Subminiature Size ... Smallest of its type in the 
industry < 3 cubic inches. < 4 ounces 

• Available in 2, 5 and 10 Watts Minimum Power Output 
' » 1400 to 2400 MHz Frequency Range 

• Wideband Modulation Capability, 10 Hz to 6 MHz’, 
(10 MHz to 25 MHz available) • 

• Meets IRIG-106-93 Standards 
• 20 Mbit/sec Data Capability 
• Crystal Controlled Center Frequency 
• Commercially Priced 

' AYDIN /^VECTOR 

For Full Details Call 215-968-4271 
Fax 215-968-3214 

Aydin Vector Division • P.O. Box 328 » Newtown, PA 18940-0328 • TEL. 215-968-4271 • FAX 215-968-3214 
In Europe: Ayc^in International U.K • 1/3 Hunting Gate • Hitchin. Herts SG4 OTJ • England TEL. 44-01462-434555 FAX 44-01462-420727 

INFO/CARD 8 
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f th 
anniversary 

Your Global Partner for the 21st Century 

Now you can leave the stacks of expensive, complex equipment back 

at the lab and get the job done at a fraction of the time and cost. 

Anritsu Wiltron's Site Master has all the capability you need to com-

mission an antenna system right at your fingertips, including: «Precision VSWR and 

Return Loss measurements ‘Accurate fault location ‘Immunity to live site interference 

•Frequency range that covers all PCS/PCN and cellular bands. 

Site Master incorporates advanced measurement and analysis performance that 

other tools can't touch. Its exceptional noise immunity means accurate measurements at 

live sites. Once you've made the measurements, powerful software helps you quickly 

track down faults, monitor RF performance over time, and view data 

in Smith chart format. 

If you want to commission your sites for a fraction of the cost, size and weight of 

more complex systems, call us today for more information or a hands-on demonstra¬ 

tion of the most easy-to-use, portable cable and antenna tester available. 

/inritsu 
Wîltron 

Jnited States: (800) 230-2972, Canada: (613) 828-4090, Europe: 44 (1582) 418853, Japan: (03) 3446-1111, Asia-Pacific: 81 (3) 3440-2770, South America: 55-21-286-9141, Singapore: 65-2265206 
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POWER 
IN PACKAGES 

Ri calendar 

Call today for a complete Cougar 
Product Guide containing more 
high power amplifier models, as 
well as high gain, low noise, and 
high efficiency amplifiers. 

Each of the models listed below 
operate at +15 volts. The complete 
Product Guide also lists guaranteed 
temperature specifications, reverse 
isolation, intermodulation, and 
SWR performance. 

July 21-26 

August 14-16 

19-21 

19-23 

September 8-12 

16-20 

FREQ. GAIN N.F. P.O. D.C. 

MODEL (MHz) (dB) (dB) (dBMi (mA) 

AP561 

AP1059 

AP1588 

AP2009 

AP2509 

AR209 

AR1096 

AR1298 

AR2098 

AR3098 

10-500 

10-1000 

1200-1600 

10-2000 

10-2500 

10-250 

600-1000 

10-1200 

30-2000 

500-3000 

13.5 

13.5 

24.0 

11.0 

8.5 

10.8 

14.4 

11.5 

10.8 

9.5 

5.0 

5.0 

3.5 

4.3 

4.5 

2.1 

4.0 

5.2 

5.2 

27.0 

26.5 

24.5 

27.5 

27.5 

28.5 

28.0 

30.5 

30.0 

29.5 

175 

175 

145 

185 

185 

235 

230 

400 

370 

365 

Ask for Cougar’s Power Pack when 
requesting models that draw greater 
than 250 mA DC current: the 
Power Pack has lower thermal resis¬ 
tance for better heat dissipation. 

PACKAGE TYPES 
TO-8 
TO-8B 

SURFACE MOUNT 
CONNECTORIZED 

FLAT PACKS 

PHONE 408-522-3838 FAX 408-522-3839 
384 Santa Trinita Ave. Sunnyvale, CA 94086 

WCDUGRFI 
1 COMPONENTS 
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1996 IEEE AP-S International Symposium and URSI Radio Science 
Meeting—Baltimore. Information: Jon Moellers, Steering Committee 
Chair, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331. 
Tel. 410-993-6774; Fax 410-993-7432. 

Piezoelectric Devices Conference—Kansas City, MO. Information: 
Components Group, Electronic Industries Association, 2500 Wilson 
Blvd., Arlington, VA 22201-3834. Tel. 703-907-7500; Fax 703-907-7501. 

Wireless Communications Conference—Boulder, CO. Information: 
Dr. Roger Marks, National Institute of Standards and Technology, 
325 Broadway, MC 813.06, Boulder, CO 80303. Tel. 303-497-3037; 
Fax 303-497-7828; E-mail r.b.marks @ieee.org. 

IEEE International Symposium on Electromagnetic Compatibility— 
Santa Clara, CA. Information: Gherry Pettit, Intel. Tel. 503-696-2994; Fax 
503-640-6411. 

Electrical Overstress and Electrostatic Discharge Symposium 
—Orlando, FL. Information: ESD Association, 7902 Turin Road, 
Suite 4, Rome, NY 13440-2069. Tel. 315-339-6937; 
Fax 315-339-6793; Web site http://www.eosesd.org. 

Accelerated Reliability Technology Symposium—Denver. Information: 
Hobbs Engineering, 10218 Osceola Court, Westminster, CO 80030. 
Tel. 303-465-5988; Fax 303-469-4353; E-mail learn@hobbsengr.com. 

17-20 Electromagnetic Compatibility (EMC ’96 Roma)—Rome. 
Information: Prof. Mauro Feliziani, Dept, of Electrical Engineering, 
Univ, of Rome “La Sapienza,” Via Eudossiana 18, 00184 Rome, Italy. 
Tel. +39 6 44585.809/ 44585.810; Fax +39 6 4883235/4825380; 
E-mail emc96rom@elettrica.ing.uniromal.it. 

19-20 Electromagnetic Compatibility: Planning for Compliance in the U.S., 
Europe and Japan—Phoenix. Information: Seminars Department, 
Underwriters Laboratories, 333 Pfingsten Road, Northbrook, IL 60062-
2096. Tel. 847-272-8800 ext. 43481; Fax 847-509-6235; 
E-mail seminar@ul.com. 

24-26 Electrical Manufacturing & Coil Winding EMCW ’96—Chicago. 
Information: Electrical Manufacturing & Coil Winding ’96, Dept. 77-
5053, Chicago, IL 60678-5053. Tel. 708-260-9700 or 800-323-5155; 
Fax 708-260-0395. 

25-26 Chesapeake Electronics Show—Chantilly, VA. Information: 
Bonnie Lasky, MACC, P.O. Box 513, Colmar, PA 18915. Tel. 215-822-6319; 
Fax 215-822-3332. 

29-Oct. 2 

October 7-10 

7-11 

8-10 

Wireless Workshop—Sedona, AZ. Information: 100 S. Roosevelt Ave., 
Chandler, AZ 85226. Tel. 602-961-1382; Fax 602-961-4533. 

Signal Processing Applications and Technology—Boston. Informa¬ 
tion: Megan Forrester c/o Miller Freeman, 600 Harrison St., San Fran¬ 
cisco, CA 94107. Tel. 415-356-3391; Fax 415-905-2220; E-mail dsp@mfi.com. 

Wireless Technology ’96—Providence. Information: Dawn Averyt. 
Tel. 407-878-8200; Fax 407-879-7388; E-mail Expo96@aol.com. 

Microwaves & RF Conference and Exhibition—London. Information: 
Beverley Lucan, Nexus Information Technology, Nexus House, Swanley, 
Kent, BR8 8HY, United Kingdom. Tel. +44-10)1322-660070; 
Fax +4440)1322-661257. 

21-23 RF Design Seminar Series—Wakefield, MA. Information: Intertec 
Presentations, 6300 S. Syracuse Way, Suite 650, Englewood, CO 80111. 
Tel. 303-220-0600; Fax 303-770-0253. 

22-24 Wescon '96 Technical Conference—Anaheim, CA. Information: 
Wescon, 8110 Airport Blvd., Los Angeles, CA 90045. Tel. 800-877-2668 or 
310-215-3976 ext. 251; Fax 310-641-5117; E-mail m.potthoff@ieee.org; 
Web site http://www.wescon.com. 

29-30 Radio Solutions ’96—Birmingham, UK. Information: LPRA Secretariat, 
Walker Mitchell Ltd., Brearley Hall, Luddenden Foot, Halifax HX2 6HS, 
United Kingdom. Tel. and fax +44 (0) 1422 88 69 50. 

29-31 Signal Processing Applications and Technology—Santa Clara, CA. 
Information: DSP Associates, 49 River St., Waltham, MA 02154. 
Tel. 617-891-6000; Fax 617-899-4449; E-mail icspat@dspnet.com. 

July 1996 



With Microwave Success ! 

Analysis Types 
- Single-Sweep Analysis 
- Dual-Sweep Analysis 
- Intermodulation Analysis 
- Mixer Spur Analysis 
- Budget Analysis 
- Waveform Analysis 
- Spectrum Analysis 
- BER Analysis 
- FDMA and TDMA * 

Output Capabilities 
- Budget Plots/Tables 
- Constellation Plots/Tables 
- Eye Diagrams 
- Frequency-Domain 

Plots/Tables 
- Time-Domain Plots/Tables 

Channel Models 
- Multipath Rayleigh Fading 
- Additive & Bandlimited 

Gaussian Noise 

Analog Components 
- Amplifiers 
- Antennas 
- Circulators 
- Filters 
- Lumped Elements 
- Mixers 
- Multipliers 
- N-port Elements 
- Oscillators 
- Path Loss Elements 
- Transmission Line Elements 
- Waveguides 

Digital Components 
- Adders/Subtractors 
- BER Counters 
- Complex/Real Equalizers 
- Data Generators 
- Encoders/Decoders 
- Filters 
- Miscellaneous 
- Modulators/Demodulators 

Microwave Success provides PC-based system simulation 
for Analog/Digital wireless communications systems. 
Microwave Success is part of Compact's Serenade family 
including schematic capture, frequency and time-domain 
circuit simulation and physical layout. Only Compact 
Software can turn your PC into a complete solution for 
wireless system and circuit design! 

Compact 
Software8

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS 

INFO/CARD 51 

201 McLean Boulevard • Paterson, NJ 07504 
Tel: (201) 881-1200 • Fax:(201)881-8361 

http://www.comsoft.com 



100 HHZ-2.4 GHZ SPECTRUM ANALYZER 

PA2500 compact-portable 

• Notebook or Desktop via Parallel port. 
• -130dBm to +15dBm signal range. 
• Fully Synthesized 
• Spurious Free Dynamic Range > 70dB. 
• 5 resolution Bandwidths, 500KHZ - 500HZ 
• Size 11.25" W X 1.7" H x 9.75", wt 8 lbs 

750 Amber Way 
Nipomo, California 93444 
Tel: (805) 929-2285 
Fax: (805) 929-5983 
E-mail: dkdinst@aol.com or info.dkdiast.com 
New Web Site: http://www.dkdinst.com 

INSTRUMENTS 

INFQCARD10 

CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES. INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619)438-4420 
FAX (619)4384759 

RF courses_ 
Training Program for Cellular, PCS Staff—Home-study course. Informa¬ 

tion: Virginia Polytechnic Institute and State University, Mobile & Portable 
Radio Research Group, 840 University City Blvd., Pointe West Commons, 
Suite 1, Blacksburg, VA 24061-0350. Tel. 540-231-2970; Fax 540-231-2968. 

Wireless Networks and Mobile Communications—July 30-Aug. 2, 1996, 
Washington, DC. Information: Learning Tree International, Reston Town 
Center, 1805 Library St., Reston, VA 22090-9919. Tel. 800-843-8733; 
Fax 800-709-6405; E-mail uscourses@learningtree.com. 

Communications Tech Training— 1996 schedule for Orland Park, IL, 
Aug. 6-8, Sept. 3-5, Oct. 8-10, Nov. 5-7, Dec 3-5, Information: Andrew Corp., 
Dept. 355, P.O. Box 9000, San Fernando, CA 91341-9978. Tel. 800-255-1479 ext. 
117. 

George Washington University— Washington, DC. Cellular and Wireless 
Telephony—Aug. 12-16; Wireless Infrastructure Network Engineering for 
Cellular, PCS, LE, and WPBX— Oct. 21-25. Information: George Washington 
University, Continuing Engineering Education, Academic Center, Room 
T-308, 801 22nd St. N.W., Washington, DC. 20052. Tel. 202-994-6106 or 800-
424-9773; Fax 202-872-0645; E-mail ceepinfo@ceep.vpaa.gwu.edu. 

1996 CEI-Europe in Cambridge, United Kingdom 
Wireless Digital Communications: Mobile, Cellular, Personal, Voice and Data 
Networks— Sept. 30-Oct. 4; Applied RF Techniques: Linear Circuits— 
Sept. 30-Oct. 4; Adaptive Synchronous Receiver Structures for Mobile 
Communications— Sept. 30-Oct. 4. 
in Baveno, Italy— 
Mobile and Wireless Personal Communications Networks —Oct. 14-18; 
Modern Digital Modulation Techniques— Oct. 14-18; Modeling and Simula¬ 
tion of Communication Systems — Oct. 15-18; Speech and Channel Coding for 
Mobile Communication— Oct. 21-23; Digital Cellular and PCS Communica¬ 
tions: The Radio Interface— Oct. 21-25; Spread-Spectrum and CDMA—Oct. 
21-25. 
in Barcelona, Spain— 
Mobile Cellular and PCS Telecommunications Systems—Nov. 11-13; 
RF Circuit Components—Nov. 18-21; Receivers and Transmitters— Nov. 
18-22; Advanced Digital Receivers for Wireless Communications—Nov. 18-21; 
Cellular and Personal Communications Infrastructure—Nov. 20-22. Informa¬ 
tion: CEI-Europe, P.O. Box 910, S-612 25 Finspong, Sweden. Tel. 46 122 175 70; 
Fax 46 122 143 47; E-mail cei.europe@one.se. 

DSP Without Tears—Aug. 26-28, Washington, DC; Sept. 30-Oct. 2, San Jose, 
CA. Information: Z Domain Technologies, 325 Pine Isle Court, Alpharetta, 
GA 30302. Tel. 800-967-5034 or 770-587-4812; Fax 770-518-8368; E-mail 
dsp@mindspring.com. 

Celwave University— Marlboro, NJ. Modules offered include: Antenna Ba¬ 
sics, Advanced Theory, Towertop Amplifiers, Bidirectional Amplifiers, 
Filters and Combiners. Information: Gail Magid, Celwave, 2 Ryan Road, 
Marlboro, NJ 07746-1899. Tel. Sales Engineering Dept. 800-235-9283. 

Georgia Tech Continuing Education 
Near-field Antenna Measurements and Microwave Holography—Sept. 
10-13, Boulder, CO; Wireless Communication— Sept. 24-27, Atlanta, GA. 
Information: Dept, of Continuing Education, Georgia Institute of 
Technology, Atlanta, GA 30332-0385. Tel. 404-894-2547; E-mail 
conted@gatech.edu;Web http://www.conted.gatech.edu. 

Johns Hopkins University Whiting School of Engineering 
—courses in Washington, DC 
Modern Terrestrial Radio Systems Engineering— Sept. 9-12; Cellular and 
Personal Communications Services (PCS): Systems Engineering and Perspec¬ 
tive with Emphasis on CDMA Technology— Sept. 16-19; Wireless and Per¬ 
sonal Communications Systems— Oct. 7-9; Wireless Digital Communications 
Systems: Specification, Test and Evaluation— Oct. 21-23; The Telecommunica¬ 
tions Revolution and its Impact on Organizational Planning— Oct. 28-30. Infor¬ 
mation: OEI 14515 Barkwood Drive, Rockville, MD 20853. Fax 301-871-4942; 
E-mail info.oei@apl.jhu.edu. 
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PLLatinum™: the industry's 
highest performing PLLs. 

HARGE 
UMPS 

(PLLatinum PLLs feature exceptional charge pump balance and tuning range.) 

PLLatinum. 
SINGLES LMX1501A LMX1511 LMX2315 LMX2320 LMX2325 

RF Input-Mam PLL 1.1GHz 1.1GHz 1.2GHz 2.0GHz 2.5GHz 

1cc(typ) @3V 

Powerdown (tYP> 

6mA 

N/A 

6mA 

N/A 

6mA 

30pA 

10mA 

30pA 

11mA 

30pA 

DUALS LMX2330A LMX2331A LMX2332A LMX2335 LMX2336 LMX2337 

IF Input-Main PLL 

}F Input-Aux PLL 

2.5GHz 

510MHz 

2.0GHz 

510MHz 

1.2GHz 

510MHz 

1.1GHz 

1.1GHz 

2.0GHz 

1.1GHz 

550MHz 

550MHz 

cc (typ) @3V 

owerdown (typl 

13mA 

1pA 

12mA 

1pA 

8mA 

1pA 

9mA 

1pA 

13mA 

1pA 

9mA 

1pA 

How do you build the world's best PLL? You 

start with the world's best charge pump. Just check 

out the spurious output of National Semiconductor's 

single and dual frequency synthesizers. 

Because you need a low leakage charge pump, 

National has designed the best. We guarantee the 

lowest TRI-STATE° leakage spec in the industry. 

With wider VCO tuning range and highly repeat¬ 

able PLL loop performance, you can turn the volume 

down. No need for extra filtering requirements that 

add more parts. 

Plus, our PLLatinum family of PLLs are so well 

balanced, they absolutely eliminate dead-zone. 

Pumped? Call us for a complete information kit 

with a product selection guide and free samples. 

1-800-272-9959, Ext.671* 
♦In Europe call +49 (0) 180 532 78 32 (English) or +49 (0) 180 530 85 85 
(German); in Japan call 81-43-299-2300; in Southeast Asia call 852-2737-1600. 

Afi 
National S e m i c o n d u c t o r* 

Moving and shaping the f u tur e 

© 1996 National Semiconductor Corporation. PLLatinum is a trademark 
and TRI-STATE is a registered trademark of National Semiconductor 
Corporation. All rights reserved. 
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RF news_ 
NVLAP completes 
international standards 
The National Voluntary Laboratory 

Accreditation Program (NVLAP) at the 
Commerce Department’s National In¬ 
stitute of Standards and Technology 
(NIST) is now fully compatible with 
standards for laboratory accreditation 
and quality system management used 
worldwide. The completion of the pro¬ 
ject will bring the traceability of U.S.-
made measurements in line with 
international practices. This will facili¬ 
tate broad acceptance of valid calibra¬ 
tion and test results and avoid barriers 
between international trading partners. 
Among other fields of testing, 

NVLAP accredits testing laboratories in 
the areas of electromagnetic compati¬ 
bility, telecommunications and ionizing 
radiation dosimetry. Calibration fields 
for laboratory accreditation include 
electromagnetic-RF/microwave, ioniz¬ 
ing radiation, and time and frequency. 

The new NVLAP 1996 directory lists 
approximately 700 domestic and foreign 
testing and calibration laboratories ac¬ 

credited by NVLAP to meet the interna¬ 
tional standards requirements as of 
January 1996. For a copy of the NVLAP 
1996 Directory (SP-810), send a self¬ 
addressed mailing label to Laboratory 
Accreditation Program, Bldg. 820, Room 
282, NIST, Gaithersburg, MD 20899-
0001. Tel. 301-975-4016; Fax 301-926-
2884; E-mail nvlap@enh.nist.gov. 

Nonstop toll collection 
uses electronic system 
Amtech Systems will install the first 

nonstop electronic toll collection (ETC) 
system to be implemented in Brazil for 
the renovation of the Rio-Niterói bridge. 
The ETC system will keep traffic 
moving smoothly as toll collection goes 
into effect on the bridge. 
A small electronic Amtech tag placed 

on each vehicle’s windshield will reg¬ 
ister toll transactions electronically via 
sensors in toll lanes. The toll amount is 
then billed to the patron’s account or 
credit card. 
The Rio-Niterói Bridge is a large hub 

in the road system of southeastern 
Brazil and connects the cities of Rio de 
Janeiro and Niterói, with more than 
80,000 vehicles traversing the five-mile 
causeway each day. 
Amtech Systems provides wireless 

identification, tracking and monitoring 
technologies for the intelligent trans¬ 
portation industry. 

Contract: 
SpaceCom, Redsat and TeleComm 
form Strategic Alliance—SpaceCom 
has joined with Redsat of Mexico and 
TeleComm de Mexico to market 
SpaceCom’s proprietary FM Cubed 
satellite transmission technology and 
equipment in Mexico, Central America, 
the Caribbean and South America. 
The new service, called InfoSat Plus 

will provide point-to-multipoint satel¬ 
lite distribution of audio and data ser¬ 
vices via the Solidaridad satellite. 
RedSat will oversee the marketing ac¬ 
tivities while SpaceCom will market the 
service. 

Business Briefs 
Retlif Expands Test Site— Retlif Testing Laboratories, 

a strategic compliance organization, has acquired a new 
one-third acre site with a newly retrofitted 4,000 sq. ft. 
building including 12,500 sq. ft. of laboratory space. The ad-
dtional land will allow Retlif to offer a full 10-meter test 
site. The move was a result of Retlif s growing volume of 
test services, particularly in the area of environmental sim¬ 
ulation. 

Wavetek and Yokogawa Electric Form Alliance-
Yokogawa Electric Corporation of Japan, which manufac¬ 
tures industrial automation and test and measurement 
equipment, will distribute Wavetek’s products in Japan 
under the name Yokogawa-Wavetek. The two companies 
will collaborate on new products for the communications 
test market worldwide. 

Microwave Online Services Established—To bring 
the RF-microwave industry on line, Microwave Online Ser¬ 
vices in Boulder, CO, develops and maintains Web sites fo¬ 
cused exclusively on the industry. The company combines 
engineering, marketing, software development, graphic de¬ 
sign and management of the RF Globalnet, the engineering 
and business center of the RF-microwave world. 

Stanford Telecom Microwave Systems Division 
Wins Contract from Rockwell International—The con¬ 
tract is for the first phase of design and production of a 

DDS-based synthesizer for the single-channel, anti-jam, 
man-portable terminal (SCAMP) program. The total con¬ 
tract is valued at $5.9 Million. 

Global Positioning Satellite (GPS) market—KW 
Microwave has created a new division to serve the growing 
GPS market. The military retrofitting of aircraft fleet, the 
opening of GPS satellites to commercial aircraft and the ac¬ 
ceptance of GPS products for almost anything that moves 
have created a demand for GPS products. 

Hewlett-Packard Research and Development 
Moves In-house—The company is focusing resources on 
improving the HP High-frequency Structure Simulator 
(HFSS). HFSS is an electromagnetic tool that computes 
S-parameters for passive, 3D structures. Hewlett-Packard 
cites long simulation times and large computer memory re¬ 
quirements as the main roadblocks to widespread use of 
HFSS among RF and microwave circuit designers. 

Tessco Technologies Acquires Cartwright Commu¬ 
nications—Tessco Technologies, Sparks, MD, supplies 
more than 14,000 products from over 230 major manufac¬ 
turers to the cellular telephone, paging, PCS and mobile 
radio-dispatch markets. Cincinnati-based Cartwright 
Communications, a value-added distributor of 4,000 radio 
communications equipment products, will operate as a 
wholly-owned subsidiary of Tessco. 
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DESIGN FROM START-TO-RRT 

1 CENESYS synthesis 
modules make it easy to 

create initial designs for 

L-Cfilters, matching 

networks, active filters, 

oscillators, printed and 

machined filters, 

amplif iers and group delay 

equalizers. The many design alternatives and 

quick evaluation of each help you 

and achieve higher performance. 

save time 
=fi/FILT€R=J 

’ ■ 

=WFILT€R= I 

I =MRTCH= 

P =FILT€R= 

=SuperStar= 
HIGH-SP66D SIMULATOR 

unun€S 

2 Schematics make it easy to enter your own designs, modify 
synthesis created designs and merge subcircuits. Schematics and 

simulation are integrated 

for back annotation. ' 

CENESYS schematic 

module also writes 

Touchstone and Spice 

=SCH€MRX= 

SPIŒ NCTLIST fl =LRVOUT= 

=SuperStar= Professional redefines the circuit simulator 

standard. Step up to real-time tuning, statistical analysis, 

unrestricted global noise analysis, adaptive optimization, 

accurate models, unparalleled execution speed and the 

industry’s easiest to use interface. Non-linear and time 

domain analysis is supported through the Spice interface. 

Our first program shipped in 1985. 

Today, with thousands of users 

worldwide. Eaglcware is a 

recognized leader in RF and microwave 

design software for IBM and compatible PCs. 

Here arc a few reasons why we feel CENESYS 

provides uncqualcd value: 

* Start to art solution including synthesis 

* One easy to learn interface for all programs 

* Industry’s fastest execution means less waiting 

* Accuracy verified with in-house lab 

* Reads industry standard S-paramctcr files 

* Free technical support with no annual fees 

♦ Low cost 

* 30 day money back satisfaction guarantee 

Eagleware products run on standard IBM and 

compatible PCs under DOS. Windows 3.1. 

Windows NT and Windows 95. Windows 

versions arc 32-bit for even faster execution. 

The 

NEW! 
7 The new layout 
module creates artwork 

on your plotter or 

printer and in DXF 

(AutoCad) and 

optimized Gerber file formats. Discontinuity and 

transmission line dimensioning, coplanar ground pours, 

multilayers, arbitrary polygons and user footprint libraries 

make RF and microwave layout easier than ever before. 

GENESYS 
Version 5.4 
=SuperStar= Professional simulator $999 
Simulator with schematic entry and layout $1990 
Complete GENESYS package with synthesis $5990 
Layout upgrade for current customers $699 
(Upgrade discounts available for a limited time) 

170 
TEL 03-3988-1731 FAX 03-3988-1706 

SRME PRIC6S INTERNATIONALLY 

DIAECT SALES & USER SUPPORT 

8VFRX. PHONE OR LETTER 

€AGL€UJñRg^=Z 
Eagleware Corporation * 1750 Mountain Glen * Stone Mtn, GA 30087 * USA 

http://www.eagleware.com * eagleware@eagleware.com 

TEL 1770) 939-0156 * FAX (770) 939-0157 
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Rp amplifiers 

Wideband high-efficiency 
power amplifiers 
By Robert J. Dehoney 

An important characteristic of 
power amplifiers is the efficiency of 
their output stages. This is particular¬ 
ly true for solid-state amplifiers 
designed for military or heavy-duty 
commercial use. This use imposes the 
conflicting requirements of low device 
junction temperature to insure relia¬ 
bility and operation at high ambient 
temperatures. 

Inefficient operation affects the 
entire power amplifier package, re¬ 

quiring not only complex cooling 
schemes for the output devices, but 
requiring a larger power supply and, 
for portable applications, a larger 
generator as well, just to supply the 
extra power that is wasted as heat. 
An attractive approach to mini¬ 

mizing the loss in the output devices 

Figure 1. Push-pull output stage circuit. 

is to operate them in as close to a 
switch mode as possible. [1,2] 
Unfortunately, switch mode opera¬ 

tion requires that the harmonic volt¬ 
ages and currents be closely 

Figure 3. Power amplifier of Figure 2 with a transmission line. 

controlled. If reactive (reflective) fil¬ 
ters are used, reactive elements 
must be located (electrically) near 
the output devices. In some cases, 
this cannot be done. For example, in 
a 2-to-30 MHz, 5 kW amplifier, 16 
power modules might be required, 
combined in a four-level binary com¬ 
biner. Considering cabling and com¬ 
biner electrical length, there can be 
many electrical degrees at the har¬ 
monic frequencies between the har¬ 
monic filter assembly and the device 
junctions. At some frequencies, this 
can cause severe loss of efficiency 
and large voltage swings at the de¬ 
vice junction, which can damage or 
destroy the devices. 
To explore this situation, we will 

simulate some idealized circuits to 
see what happens when a switched 
source operates in a narrowband 
load. 
Figure 1 shows a PSPICE version 

of a push-pull output stage with 
output devices simulated by capaci¬ 
ty-loaded switches. In a real-world 
circuit, of course, there would be 
many other circuit elements, such as 
DC blocking capacitors, biasing cir¬ 
cuits and a baanced-to-unbalanced 
transformer (balun). In fact, this 
could be one of many modules driven 
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AMPLIFIERS 
'^DCto8GHz W 9

(up to +l9dBm output) From ̂ (1000 qty qty.) 

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in 

amplifiers cover your applications to 8GHz with higher gain, more output, and 
flatter response. Characterized with S-parameter data, these amplifiers are very 

easy to use. Simply sketch an interconnect layout, and the design is done. 
And ERA’S are engineered with wider bandwidths to eliminate your need for costly 

compensation networks and extra gain stages. So, review your present design 
and replace with Mini-Circuits new ERA technology. Lower overall cost, 

wide bandwidth stability, and lots to...gain! 
Mini-Circuits... we’re redefining what VALUE is all about! 

Model 

ERA-1 
ERA-1SM 

ERA-2 
ERA-2SM 

ERA-3 
ERA-3SM 

ERA-4 
ERA-4SM 

ERA-5 
ERA-5SM 

*Freq. 
(MHz) 

DC-8000 
DC-8000 

DC-6000 
DC-6000 

DC-3000 
DC-3000 

DC-4000 
DC-4000 

DC-4000 
DC-4000 

Gain 

(dB) 

11.6 
11.0 

14.9 
13.1 

20.2 
19.4 

139 
13.9 

19.0 
19.0 

Max Power Out 
(dBm, @ 1 dB Comp) 

13.0 
13.0 

14.0 
13.0 

11.0 
11.0 

▲191 
▲191 

▲196 
▲194 

Dynamic Range 

NF(dB) 

7.0 
7.0 

6.0 
6.0 

4.5 
4.5 

5.2 
5.2 

4.0 
4.0 

IP3(dBm) 

26 
26 

27 
27 

23 
23 

▲36 
▲36 

▲36 
▲36 

©Price 
$ea. (10 Qty) 

1.80 
1.85 

1.95 
2.00 

2.10 
2.15 

4.15 
4.20 

4.15 
4.20 

Note: Specs typical at 2GHz, 25°C. 

▲ Typ. numbers tested at 1 GHz At 2GHz, Max. Pwr. Out may decrease by 0.4dB & IP3 by 3 to 4dB 

* Low frequency cutoff determined by external coupling capacitors. 

® Price (ea.) Qty .1000: ERA-1 $1.19, -2 $1.33, -3 $1 48. -4 or -5 $2.95. SM option same price. 

DESIGNER’S AMPLIFIER KITS: 
K1 -ERA: 10 of each ERA- 1 ,-2,-3 (30 pieces) only $49.95 
K1-ERASM: 10 of each ERA-1SM.-2SM.-3SM (30 pieces) only $49.95 
K2-ERA: 10 of each ERA-4.-5 (20 pieces) only $69.95 
K2-ERASM: 10 each ERA-4SM.-5SM (20 pieces) only $69.95 

Chip Coupling Capacitors at 12c each (50 min.) 
Size (mils) 
80x50 

120x60 

Value 
10, 22, 47, 68, 100, 220, 470, 680, 1000, 
2200, 4700, 6800, 10,000 pf 

.002, .047, .068, .1 pf 

Typical Biasing 
Configuration ERA 

DOT —\ 4-

R bias (Required) 

X Ä 
ERA-1 ERA-1SM 

ACTUAL 
SIZE 

p 
block 

IN—IH 

RFC(Optional) 

C block 
-tl—OUT 

2 d 
For ERA models, pin 1 
identified by Red dot. 

C3 Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com C/RCLE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 214 Rev A 



T1 Wavelengths Harmonic Fundamental 
at Fundamental Number Amplitude (V) Amplitude (V) Idç (A) Eft 

0.04 7th 162 65.2 6 76% 

0.058 5th 365 57.7 5.6 63% 

0.108 3rd 574 41.3 3.9 46% 

Table 1. PSPICE statistics for Figure 3. 

How about a voltage 
rating of 2000 V, 
capacitance values to 50 pF, 
and an order of magnitude 
greater reliability? 

Thanks to Teflon 
between their 
rings, Voltronics 
HV trimmers 
have no air gap, so 
you can get 50 pF, 
2,000 V, 1 GHz 
coverage, and 
high And 
you’ll never have 
to worry about 
shorting between 
rings or ionization 
at high altitudes and in space. 

Each body style fits into the 
same space as a conventional air trimmer, and is 
available with maximum capacitance of 4, 10, 16, 23, 
40 and 50 pF. Voltronics patented design is far more 
reliable too, and it eliminates the end caps that fall off 
lesser designs, exposing precision parts to moisture, dust, 
or dirt. So if you need the best possible performance in 
a high-power trimmer, you should be talking to 
Voltronics. Call us today at (201) 586-8585. 

Voltronics 
delivers: Any 
model stock to 

4 weeks! 
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Voltronics^ 
The Trimmer Capacitor Company 

INFOCARD 13 

100-10 Ford Road 
Denville, NJ 07834 
201.586.8585 
fax 201.586.3404 
e-mail: voltron@styx.ios.com 

WRITE, CALL OR 
FAX FOR CATALOGS 

in parallel and working into a com¬ 
biner. However, the effects we wish 
to explore are not influenced by 
these elements; they only clutter up 
the simulation. 
The switches are operated by the 

voltages across Rj and R2, V, and V2. 
When Vj exceeds 0.01 V, Sj closes 
and looks like a low resistance. 
When Vj is less than 0 V, Sj opens 
and looks like a high resistance; V2 

similarly controls S2. We arbitrarily 
choose Vs to be a 1 MHz, 10 V peak 
sine wave and Cj and C2 to be 100 
pF. We chose the on resistance, Rs, 
to be 1 £2 and the off resistance to be 
1 Mil. For reasons that will be evi¬ 
dent later, we choose RL= 16.667 Q. 
With Lj and L2 large enough to 

give a substantially constant cur¬ 
rent, the output across RL is a 
square wave of about four times VDC 
peak-to-peak. With VDC = 28 V, 
PSPICE gives the spectral compo¬ 
nents and average current as 
follows: 

^=5.42 A 

HARMONIC NO. AMPLITUDE (V) 

Fundamental 57.50 

2 0.53 
3 19.20 

4 0.54 

5 11.50 

6 0.54 

7 8.20 

8 0.55 

9 6.30 

The efficiency is the ratio of the 
fundamental power divided by the 
DC power. For this idealized circuit, 
the inductor current is: 

I = ZVpc 
L Rl+4Rs

(1) 

The peak-to-peak square wave 
output is: 

Vpp -4VpcR L 

rl +4RS
(2) 

The efficiency is: 

,ff (0.8116)RL
Rl +4Rs 

As Rs approaches 0, the efficiency 
approaches 81.16%. For our circuit, 
the efficiency is 65.3%. 
We now investigate what happens 
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To test advanced 
components, you need 
a high quality 
lcr meter. 

If your current testing method 
isn’t telling you enough about your 
advanced components, better get 
something you can be sure of: the 
HP 4263B LCR Meter. 

r Save/Recall: 
Store and retrieve up 
to 10 measurement 

k states. 

You can be sure of the performance 
because the HP 4263B makes 
testing even complex components 
foolproof. Contact check and 0.1% 
accuracy with open, short and load 
error compensation deliver the 
confidence. And 11 impedance 
parameters and a choice of 15 HP 
test fixtures assure versatility. 

Of course, you can be sure 
the HP 4263B will fit in your 
budget too. Because at 
prices as low as $4,300,* it 
sets a new price/performance 
standard. It’s also the first 
instrument in a complete 
family of HP LCR meters. 

Call HP DIRECT at 
1-800-452-4844, Ext. 1898. An 
engineer will help you determine 
which HP LCR meter is right for the 
operating frequency, impedance 
range, or operating test 
conditions you 
need to test. 

*U.S. list price 

Four-terminal Pair: 
Reduces errors due to 

. cable extension. 

' Frequency: 
Select one of five test 
frequencies between 
100 Hz to 100 kHz. 

“Call HP DIRECT 
at 1-800-452-4844 
Ext. 1898 to find 
out which HP 
LCR meter 
is right 
for you.” 

Only $4,300* 

Notahigh priced one. HEWLETT 
PACKARD 

©1996 Hewlett-Packard Co TMMID632/RFT) 
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Figure 4. Block diagram of an amplifierdesigned to eliminate the effects of harmonic 
power. 

Problem 
Stripping 
Pre-formed 
Semi-rigid Cable 

when the harmonic power is not ab¬ 
sorbed, but is instead reflected back 
into the switches. This is the case 
when a harmonic filter is added to 
our simple power amplifier, as shown 
in Figure 2. 
C.-C. and L.-L. form a balanced 

version of a five-pole Chebychev low-
pass filter. This one is chosen to 
have 0.01 dB ripple. PSPICE gives 
the spectral results and average cur¬ 
rent as follows: 

26 

Solution 
Coasters revolutionary new stripping head (Patent pending) 
and the C-Tell 1066 production benchtop tool 
performs all seemingly impossible strips precisely, 
easily, quickly and affordably. 

L-Tel 1066 An A/C powered 
bench-top cable stripper 
designed to produce high 
quality repeatable strips in 
volume applications that cuts 
and strips all semi-rigid and 
microcoax in less than three 
seconds. 

Find out how we can solve 
your non-standard stripping 
needs. Call today at: 
315-471-5361, 
or Fax 315-473-1 765. 

Designed by Florida RF Technology 

Coastel 
Cable 
TOO IS International Corp. 

Offering solutions for the 90 s and beyond. 
1311 5. Salina Street, Syracuse. NY 13303 

Serving the Voice, Video, Data, & Signal Industries. 
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1^ = 6.208 A 

HARMONIC ACROSS ACROSS 
NUMBER C3 (V) RL (V) 
Fundamental 69.91 67.01 

2 0.47 0.24 

3 9.58 0.78 

4 0.16 0.16 

5 3.29 0.15 

6 0.42 0.17 

7 1.74 0.10 

8 0.21 0.35 

9 1.41 0.20 

Compared to the no-filter case, the 
results are gratifying. The efficiency 
is up to 77.5%, and the harmonic 
power has not caused any great volt¬ 
age swings on the switches. 
However, let us now move further 
into the real world. Our 2 to 30 
MHz amplifier will need eight 
switched harmonic lowpass filters. 
We cannot filter each of the 16 mod¬ 
ules before combining. Controlling 
the phase would be horrendous. We 
have to do our combining before we 
get to the switched filter assembly. 
We simulate this situation by 

adding a 16.667 Q transmission line 
between the switches and the filter, 
as shown in Figure 3/ 
Table 1 summarizes a lot of 

PSPICE running time and shows in 
a dramatic fashion the problems har¬ 
monic power can cause. 
The line lengths transform the 

reactance of the filter into an induc¬ 
tance that resonates with the 
switch capacity at the harmonic fre¬ 
quency. The stronger the harmonic, 
the more voltage is generated, and 
the more the efficiency is degraded. 
Note also the dramatic reduction in 
fundamental power. Even if the 
devices could tolerate the huge volt¬ 
ages, the transmitter is forced to 
operate at as much as 4 dB below its 
capability. 
How can this effect be avoided? 
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One solution is to use non-reflecting 
filters. These are usually designed as 
highpass and lowpass pairs called 
complimentary filters. The highpass 
section is terminated and serves only 
to absorb the harmonic energy. How¬ 
ever, some problems are associated 
with the design of these filters [3]. 
Another consideration is the number 
of additional circuit components re¬ 
quired. To maintain a low voltage 
standing wave ratio (VSWR), our 
eight filters might need nine reac¬ 
tive elements each. The complimen¬ 
tary sections might need seven 
elements each, adding 56 elements 
to our design. 
The other approach is the subject 

of the following section. Consider 
the block diagram of Figure 4. The 
phase-shifting sections provide the 
indicated phase shift over the band 
Fbw to 5xF . Table 2 traces the 
phase shift through the diagram. 
The first phase-shift section shifts 

the reference channel (B) by a vari¬ 
able amount X and shifts the A and 

RELATIVE PHASE RELATIVE PHASE PHASE INTO 
CHANNEL HARMONIC INTO PAs ( ) OUT OF PAs (°) COMBINER Ç) 

Fundamental 60 60 0 

3rd n/a 180 120 

A 5th n/a 300 240 

7th n/a 60 0 

9th n/a 180 120 

Fundamental 0 0 0 

3rd n/a 0 0 

B 5th n/a 0 0 

7th n/a 0 0 

9th n/a 0 0 

Fundamental -60 -60 0 

3rd n/a -180 -120 
C 5th n/a -300 -240 

7th n/a -60 0 

9th n/a -180 -120 

Table 2. Results of phase shift used in Figure 4. 

• Excellent for anechoic, mode stir and RE 

chamber measurements 

• Highly accurate isotropic measurements 
from 100 kHz to 18 GHz 

• Digital Axis Processing provides .8 v/m to 

800 v/m, 60dB dynamic range 

• Includes fiber-optic computer link for in-chamber and 

other high field environment measurements 

• Fiber-optic link perfect for closed loop control systems 

• Probe Cal Factor can be remotely entered for 

optimum accuracy at all frequencies 

• Each axis result provided 

• Ideal for all safety measurements 

• Very fast 400ms measurement time 

• Compact and lightweight 

Yours for the asking... 
A literature kit on the 

complete line of precision 

EMF instruments for 

E & H field measurements. 
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Wandel & Goltermann 
EMF Products 

350 Main Road 

Montville, NJ 07045 
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HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO. (Hz) COMPONENT COMPONENT □ PHASE (°) 

1 3.00x1 06 1.269x1 01 1.00 -7.259x1 01 0.00 

2 6.00x1 06 1.091x1 0-1 8.592x1 0”3 9.776x1 01 1.703x1o2

3 9.00x1 06 3.779 2.977x1 0“1 1.562x1 02 2.288x1 02

4 1.20x107 2.145X10-1 1.690x1 0“2 -6.668 6.592x1 01

5 1.50x107 3.482 2.743x1 0“1 1.474x1 01 8.732x1 01

6 1.80x1 07 2.314x1 0“1 1.823x10“ 2 -1 .553x1 02 -8.273x1 01

7 2.1 0x1 07 1.474 1.1 61x1 0"1 -1 .308x1 02 -5.822x1 01

8 2.40x1 07 2.358x10“1 1.857x1 0“2 6.867x1 01 1.41 3x1 02

9 2.70x1 07 2.145 1.689x1 0“1 5.756x1 01 1.301x1 02

Table 3(a). Fourier components of transient response V(7,8) with a DC component of -7.294504x1 0 2. 

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO, I Hz) COMPONENT COMPONENT □ PHASE (°) 

1 3.00x1 06 1.273x1 01 1.000 -1 .321x1 02 0.000 

2 6.00x1 06 1.980x1 0“1 1.555x1 0“2 2.81 1x1 01 1.602x1 02

3 9.00x10® 3.858 3.031x1 0”1 -5.122x1 01 8.086x1 01

4 1.20x107 1.310x10“1 1.029X10“2 5.796x101 1.901x102

5 1.50x107 1.893 1.487x1 0“1 5.472x1 01 1.868x1 02

6 1.80x107 1.850x1 0“1 1.453x1 0“2 -1 .689x1 02 -3.683x1 01

7 2.10x1 07 1.776 1.395x1 0“1 -1 .482x1 02 2.803x1 02

8 2.40x1 07 2.1 31x1 0“1 1.674x1 0“2 -6.007x1 01 7.202x1 01

9 2.70x1 07 1.845 1.449x1 0”1 -7.645x1 01 5.564x1 01

Table 3(b). Fourier components of transient response V(9,10) with a DC component of -9.80847x1 0 2. 

Figure 5. Circuit designed to test whether phase-shifting eliminated the effects of harmonic power. 

C channels by X+60 degrees and 
X-60 degrees as shown. We as¬ 
sume the signal is sinusoidal at 
this point in the amplifier, so 
the phase shift of the harmonics 
is of no interest. We make the 
assumption that the power am¬ 
plifiers (PAs) generate square 
waves in phase with their in¬ 
puts. The phases shown are 
with respect to the reference 
channel phases. Note that in 
any channel, the shift of the 
Nth harmonic is N times the 
shift of the fundamental. 
Each channel goes through a 

last phase shifter as shown. 
Here, the reference channel is 
shifted by a variable angle Y, 
and the other two channels are 
shifted by Y-60 degrees and 
Y+60 degrees. 
The three channels are 

summed in the output combiner, 
with the fundamental and sev¬ 
enth harmonic power adding in 
the output load and the other 
harmonic power being dissipat¬ 
ed in the combiner dump ports. 
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When it comes to RF SAW Filter 
TECHNOLOGY, THE CHOICE IS CLEAR. 

Building the Smallest Solution Antenna duplexer 
9.5 mm X 7.5 mm 

You want your wireless designs to out 

perform the competition. That’s why Fujitsu 

delivers the most comprehensive selection of 

superior, low loss, subminiature RF Filters in 

the industry—internally matched to 50 Í2 

for system design simplicity. 

Our Lithium Tantalate Bandpass SAW Filters 

provide broad support for wireless applications 

from 100 MHz to 2500 MHz and offer 

compatibility with major cellular standards 

including AMPS, GSM, E-GSM, NMT, 

ETACS, NTACS and PDC. 

Fujitsu’s latest product developments include 

our revolutionary Antenna Duplexer for 

AMPS, TDMA and CDMA cellular systems. 

Also our high-performance SAW Filters for 

PCS and DCS 1800 systems and wireless 

LANs feature extremely small 3 mm x 3 mm 

packages for space critical applications. 

We’re working hard to meet all of your price/ 

performance needs with exceptional SAW 

Filter solutions. So if you’re looking for the 

best way to achieve high performance while 

reducing size and weight, choose Fujitsu. 

Call Fujitsu Microelectronics today at 

1-800-866-8608, or visit our web site at 

http:// www.fujitsumicro.com . 

FUJITSU 
COMPUTERS, COMMUNICATIONS, MICROELECTRONICS 

900 MHZ CELLULAR 
3.8 mm X 3.8 mm 

ï 

1500-2500 MHZ 
PCS, WLANS & WANS 

3 mm X 3 mm 

# 

100-600 MHZ 
IN DEVELOPMENT 

5 mm X 7 mm 

Fujitsu Microelectronics, Inc., 3545 North First Street, San Jose, CA 95134. 

©1996 Fujitsu Microelectronics, Inc. All trademarks or registered trademarks are the property of their respective holders. 

All Chips are Shown at 
Actual Size 
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PSPICE file for Figure 5 
*TRI-HYBRID COMBINED 

SWITCHED SOURCES W/60,0,-60 
DEGREE ALL-PASS 

*3 PHASE SOURCES DERIVED 
FROM DELAY LINE. 

.TRAN .5US 4.6US 4US .5US UIC 

.FOUR 3MEG V(7,8) V(9,10; V(ll,12) 
V(2,0)V(40,41) 

.OPTIONS FTL5=0 
VI 31 0 SIN (0 200 3MEG) 
RI 31 32 50 
R4 32 0 50 
R2 31 33 50 
T1 33 0 34 0 Z0=50 F=3MEG 

NL=.166667 
R5 34 0 50 
R3 31 35 50 
T2 35 0 36 0 Z0=50 F=3MEG 

NL=.3333333 
R6 36 0 50 
SA125 4032 0SMOD 
SA2 26 40 0 32 SMOD 
CA1254010PF 
CA2 264010PF 
LAI 25 0 1MH IC=.6 
LA2 26 0 1MH IC=.6 
RA3 7 25 .2 
RA4 8 26 .2 

SB1 27 40 340 SMOD 
SB2 28 40 0 34 SMOD 
CB1 27 40 10PF 
CB2 28 40 10PF 
LB1 27 0 1MH IC=.6 
LB2 28 0 1MH IC=.6 
RB3 27 9.2 
RB4 28 10 .2 
SCI 29 40 36 0 SMOD 
SC2 30 40 0 36 SMOD 
CCI 29 40 10PF 
CC2 3040 10PF 
LC1 29 0 1MH IC=.6 
LC2 30 0 1MH IC=.6 
RC3 29 11 .2 
RC4 30 12 .2 
VDC 41 0 DC 5 
RR 41 40 .001 
.MODEL SMOD VSWITCH (RON=.l 

ROFF=1MEG VON=.01 VOFF=0) 
RX1 13 15 25 
RX2 13 17 25 
RX3 15 17 25 
RY1 14 16 25 
RY2 14 18 25 
RY3 16 18 25 
LA3 7 13 3.380367UH 
LA4 8143.380367UH 

THE VCXO WITH 
PULLABILITY FROM 

RALTRON. 

Raltron manufactures its 
compact VC 7025 Voltage 
Controlled Crystal Oscillator 
to meet your Phase Locked 
Loop specifications, deliver¬ 
ing deviation sensitivity or 
pullability of up to ±100 
PPM/V. Big performance in 
a small package. At a price 
you’ve been looking for. 

Raltron manufactures a 
complete line of the highest 
quality VCXO’s to both 
standard and custom 
specifications. 

RHITR9D 
ELECTRONICS CORP. 

2315 NW 107 AVENUE 

MIAMI, FLORIDA 33172 U.S.A. 

FAX (305) 594-3973 

(305) 593-6033 

ONLY RALTRON HAS IT ALL 
Crystals / Crystal Oscillators 

Crystal Filters / Ceramic Resonators 
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CA3 7 13 808.4901PF 
CA4814 808.4901PF 
LA5 7 19 .2254798UH 
LA6 8 20 .2254798UH 
CA5 20 13 12.12079NF 
CA6 19 14 12.12079NF 
LB3 9 15 1.253415UH 
LB4 10 16 1.253415UH 
CB3 9 15 320.7782PF 
CB410 16320.7782PF 
LB5 9 21 89.46184NH 
LB6 10 22 89.46184NH 
CB5 22 15 4.494299NF 
CB6 21 164.494299NF 
LC3 11 17 .4973075UH 
LC4 12 18 .4973075UH 
CC3 11 17 118.9422PF 
CC4 12 18 118.9422PF 
LC5 11 23 33.17181NH 
LC612 24 33.17181NH 
CC5 23 18 1.783167NF 
CC6 24 17 1.783167NF 
TA 13 14 1 2 Z0=16.7 F=21MEG NL=.l 
TB 15 16 3 1 Z0=16.7 F=21MEG NL=.l 
TC 17 18 0 3 Z0=16.7 F=21MEG NL=.l 
RL2050 
.END 

TRL Technologies, Inc. 
LET OUR DESIGN ENGINEERS 
TURN YOUR IDEA INTO A HIGH DEMAND 

WIRELESS PRODUCT 

INDUSTRY CONSULTANTS WITH EXPERTISE IN: 
/ Linear Amplifier Designs for Analog and Digital Systems 
/ Passive Product Development, Filters, Couplers, Antennas 
/ Cellular, PCS/PCN & Wireless Local Loop Development 
/ RF Boosters, Cell Enhancers & In-building Solutions 
/ Reducing costs of Existing RF Products to Increase your Bottom Line 

Let our team of engineers become your development group. We will design a highly 
reliable product to your specifications. We deliver solutions when others deliver promises. 

TRL Technologies, Inc. • 2155 Stonington Avenue, Suite 218 • Hoffman Estates, IL 60195 
TEL: 847-519-9690 FAX: 847-519-9691 
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BIPOLAR AMPLIFIERS FROM .01 to 2 GHz 
*RICE, PERFORMANCE AND DELIVERY GUARANTEED 

IITEQ’s connectorized AM and AU Series Bipolar Amplifiers offer 
• Superior noise figures 
• Quick delivery, from stock to 2 weeks 
• Low prices 
• Various standard options 

- Connector options: SMA, BNC, Type N 
- Integrated limiters 
- Input bias tee for fiber optic photodetectors 

Operating 
Frequency 
(MHz) 

Model 
Number 

Gain 
Gain 

Flatness 
(dB, Min.) (±dB, Max.) 

Input/Output 
VSWR 

Noise Figure 
Fl Fm Fh 
(dB, Max.) 

Output 
Power 

(dBm. Min.) 

1-9 
Piece 
Price* 

-

.01-500 

.01-500 
.01-1000 
1-100 
1-100 
1-500 
1-500 
1-500 
1-500 
1-1000 
1-1000 
20-200 
50-90 
50-90 
50-90 
50-350 
100-1000 
100-2000 
100-2000 
500-1000 
500-1000 
500-1000 
500-1500 
500-2000 
500-2000 
500-2000 
1000-2000 
1000-2000 
1000-2000 

AU-1310 
AU-1332 
AM-1300 

AU-2A-0110 
AU-3A-01 10 
AU-1A-0150 
AU-2A-01 50 
AU-3A-01 50 
AU-4A-0150 

AM-2A-000110 
AM-3A-000110 

AU-1158 
AU-1001 

AU-2A-1 158 
AU-3A-1 263 
AU-1210 
AM-1331 

AMMIC-1 348 
AMMIC-1 31 8 
AMMIC-1 141 
AM-2A-0510 
AM-3A-0510 
AM-3A-0515 
AM-2A-O52O 
AM-3A-O52O 
AM-4A-0520 
AM-2A-1 020 
AM-3 A-1020 
AM-4A-1020 

30 
45 
25 
30 
50 
14 
30 
45 
60 
25 
35 
30 
14 
30 
43 
18 
35 
14 
6 
10 
24 
37 
30 
19 
30 
40 
19 
30 
40 

0.5 
0.5 
0.75 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.75 
0.75 
0.5 
0.25 
0.25 
0.25 
0.5 
0.75 

1 
1 

0.5 
0.5 
0.5 
0.5 
0.75 
0.75 

1 
0.5 
0.5 
0.75 

2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
1.3:1 
1.3:1 
1.3:1 
2.0:1 
2.0:1 
2.2:1 
2.2:1 
1.5:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 
2.0:1 

1.3 
1.3 
1.4 
1.2 
1.2 
2.7 
1.3 
1.3 
1.3 
1.4 
1.4 
2.7 
5.0 
2.7 
1.5 
2.6 
1.4 
5.0 
4.5 
6.0 
1.4 
1.4 
1.5 
1.4 
1.4 
1.4 
1.8 
1.8 
1.8 

1.4 
1.4 
1.8 
1.2 
1.2 
2.8 
1.4 
1.4 
1.4 
1.6 
1.6 
2.7 
5.0 
2.7 
1.5 
2.7 
1.6 
4.3 
4.0 
6.0 
1.5 
1.5 
1.8 
1.9 
1.9 
1.9 
2.1 
2.1 
2.1 

1.5 
1.5 
1.8 
1.3 
1.3 
2.9 
1.5 
1.5 
1.5 
1.8 
1.8 
2.7 
5.0 
2.7 
1.5 
2.8 
1.8 
4.6 
4.0 
6.0 
1.6 
1.6 
2.2 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

8 
10 
6 
3 
10 
10 
8 
10 
10 
8 
9 
17 
18 
20 
20 
10 
15 
14 
12 
10 
□ 
9 
4 

5 
5 
4 
10 
10 

$325 
$350 
$375 
$275 
$300 
$200 
$275 
$300 
$325 
$300 
$350 
$275 
$200 
$275 
$325 
$200 
$400 
$395 
$350 
$200 
$300 
$350 
$375 
$350 
$400 
$450 
$325 
$375 
$400 

Domestic Prices 

A full listing of all bipolar amplifiers and options is available 
in our detailed catalog. For a copy, or additional 
technical information, please call Bill Pope at 

(516) 436-7400 extension 282. 



HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO, (Hzl COMPONENT COMPONENT f) PHASE ( ) 

1 3.00x10® 1.257x1 01 1.000 1.686x1 02 0.000 
2 6.00x10® 1.202x1 0"1 9.564x1 0"3 5.940x1 01 -1 .092x1 02
3 9.00x10® 4.993 3.972x1 0-1 1.452x1 02 -2.336x1 01
4 1.20x1 07 1.1 09x1 0-1 8.824x1 0-3 1.527x1 01 -1 .533x1 02
5 1.50x1 07 2.983 2.373x1 0-1 1.045x1 02 -6.409x1 01
6 1.80x107 9.91 7x10“2 7.890x1 0-3 1.038x1 02 -6.477x1 01
7 2.10x107 2.122 1.688x10-1 8.811x101 -8.050x101
8 2.40x1 07 1.897x1 0-1 1.509x1 0-2 2.495x1 01 -1 .437x1 02
9 2.70x1 07 4.346x1 0-1 3.458x1 0"2 1.774x1 01 -1 .509x1 02

Table 3(c). Fourier components of transient response V(1 1,1 2) with a DC component of 7.503634x10 2. 

Tilli 
As today’s wireless marketplace continues to be redefined, 
so do the strategies that are needed to bring these products 
to market. Industry leaders are seeking opportunities to 
reach the greatest number or prospects. The new RF Design 
Seminar Series provides decision-makers with the most cost 
effective educational experience available to the RF indus¬ 
try-
Catch the new wave of RF October 21-23, 1996 in 
Wakefield, Massachusetts! 

«.V» Basic and Advanced RF and Wireless Engineering Special Courses 

Technical Paper Presentations 

I nlimited Networking Opportunities With Key RF and Wireless 
Users and Suppliers 

October 21-23, 1990 

Colonial Hilton & Resort Hotel 

Wakefield, Massachusetts 

Find out how you can 
participate in the new 
RF Design Seminar Series. 

For exhibiting opportunities 
contact Elsa Saavedra at 
303-741-8708. 
For registration information 
call 303-220-0600 or 
800-288-8606. 

Intertec Presentations 
6300 South Syracuse Way 
Suite 650 
Englewood, CO 80111 

Sponsored by: W design 

This scheme substantially does 
what we want. The only potential 
problem is the seventh harmonic, 
but it is not strong to begin with, 
and in a real transmitter, insertion 
loss and filter Qs minimize its 
build-up. 
To test this scheme, a PSPICE 

file was generated for the circuit 
shown in Figure 5. In this circuit, 
three push-pull switched sources 
drive three networks, which shift 
the phase as shown. Their outputs 
are combined in a tri-hybrid. The 
switches are operated by a 3 MHz 
source with outputs at 0°, -60°, 
and -120°. The simulation used 
delay lines to get the phase shift, 
because only one frequency was 
being run. In a real amplifier, con¬ 
stant phase-shifting sections would 
be used. To minimize running time, 
only a single two-pole circuit was 
used in each channel. This limited 
the bandwidth ratio but still 
allowed fair accuracy up to the 
ninth harmonic. 
The test was intended to answer 

the following questions: 
a) What is the harmonic level at 

the switches? Is the square wave 
well-preserved? 
b) What is the harmonic level at 

the output? Is it sufficiently low so 
that reflected harmonic power is of 
no consequence? 

c) What is the conversion effi¬ 
ciency, DC to fundamental power? 
Table 3 is taken from the 

PSPICE printout. V(7,8), V(9,10), 
and V(ll,12) are the spectral com¬ 
ponents at the switches and show 
fairly well behaved harmonics. 
V(2,0) is the output showing a 

fundamental of 38 V peak with 
minuscule third and fifth harmonic 
and a seventh harmonic more than 
16 dB down. 
V(40,41) shows a 3.58 A DC cur¬ 

rent, giving an input DC power of 
5(3.58) = 17.9 W. The fundamental 
power is 38(38)72/50 = 14.44 W giv¬ 
ing 80.6% efficiency. 
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HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO. (Hz) COMPONENT COMPONENT (°) PHASE (°) 
1 3.00x1 06 3.804x1 01 1.000 -7.627x1 01 0.000 
2 6.00x1 06 9.542x1 0“2 2.508x1 0-3 -6.220x1 01 1.407x1 01
3 9.00x10® 1.084 2.851x10-2 1.746x1o2 2.509x1 02
4 1.20X107 1.065x1 0"1 2.800x1 0~3 -1 .430x1 02 -6.676x1 01
5 1.50x1 07 4.592x1 0-1 1.207x1 0-2 -1 .077x1 02 -3.1 40x1 01
6 1.80x1 07 1.275x1 0~1 3.350x1 0“3 6.862x1 01 1.449x1 02
7 2.1 0x1 07 5.569 1.464x1 0-1 6.060x1 01 1.369x1 01
8 2.40x1 07 6.798x10-2 1.787x1 0"3 -1 .609x1 02 -8.468x1 01
9 2.70x1 07 1.201 3.158x10-2 -1.545x1 02 -7.826x1 01

Table 3(d). Fourier components of transient response V(2,0) with a DC component of 1.832173x1 0~2. 

We can conclude that the scheme 
works. If we can design networks 
that provide relative phase of -60° , 
0°, and 60° over a broadband, we 
can implement the blocks of Figure 4 
and cancel, or at least considerably 
reduce, third and fifth harmonics. 
How do we design the networks? 

There may be an analytic way to 
synthesize them, but I’m not aware 
of it. One way that works reasonably 
well is to find the pole frequencies 
for a two-channel, 120° network, 
then add in the reference channel 
using approximate geometric mean 
pole frequencies. An example will 
make this clear. Assume we want to 
build a 2-to-30 MHz amplifier. The 
output constant-phase allpass net¬ 
works will then have to cover 2 to 
150 MHz to pass the fifth harmonic. 
Using an allpass network program 

such as RF Design’s RFD-0193, we 
find that 4 poles/channel will give 
us 120° with less than 0.2° error 
over the band. The pole frequencies 
are: 

CHANNEL A (MHz) 
100.7689000 
22.0397700 
5.0904600 
0.4798198 

CHANNEL C (MHz) 
625.233000 
58.933720 
13.611760 
2.977109 

We find the geometric mean of each 
pair as trial pole frequencies for 
channel B. This gives us: 

CHANNEL B (MHz) 
251.0060600 
36.0400560 
8.3240690 
1.1951886 

The phase shift produced in each 
channel is: 

CHAMPION 
TECHNOLOGIES, INC. 

A RUNNING 
TRADITION IN HYBRID 
OSCILLATOR DESIGN... 

Since its work nearly 25 years ago 
on the first thick-film hybrid, Champion 
Technologies’ tradition of engineering 

excellence continues to push bound¬ 
aries in oscillator technology. 

In the last two years alone, 
we’ve introduced 20 new VCXO 
and TCXO products, including high 
stability and high frequency devices 

for SONET, ATM and other advanced 
applications. Best of all, we support all 

this development with provable quality 
levels, the industry’s only technical hotline, 
short lead times and affordable pricing. 

To sustain this tradition of design/manu-
facturing expertise, we’re investing in 
the finest hardware and personnel to bring 
you the quality products you need, when 
you need them. Press ahead of the 
competition - put Champion’s experience 
to work for you, and realize greater 
success in your system designs. 

For a free copy of our catalog, 
call us today at 1-800-888-1499. 
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The Giga-tronics 8540B is the World’s Best 
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But Don’t Take Our Word for It. 
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HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO, (Hz) COMPONENT COMPONENT (2) PHASE (°) 

1 3.00x10® 1.261x1o-7 1.000 1.799x1 02 0.000 
2 6.00x10® 3.881x10 8 3.078x10 1 -1. 178x1 02 -2.978x1 02
3 9.00x1 06 4.103x10“8 3.254x1 0“1 -1 .778x1 02 -3.578x1 02
4 1.20x107 3.287x1 0“8 2.607x1 0“1 -1 .694x1 02 -3.493x1 02
5 1.50x107 2.452x1 0“8 1.945x1 0“1 -1 .675x1 02 -3.474x1 02
6 1.80x1 07 2.299x1 0“8 1.823x1 0“1 1.795x1 02 -4.701x1 0“1
7 2.1 0x1 07 1.1 87x1 0“8 1.496x1 0“1 -1 .662x1 02 -3.462x1 02
8 2.40x1 07 2.155x10“8 1.709x1 0“1 1.176x1 02 -6.238x1 01
9 2.70x1 07 1.540x10-8 1.221x1 0“1 -1.633x1 02 -3.433x1o2

Table 3(e). Fourier components of transient response V(41,40) with a DC component of 3.582645x1 0“3. 

where P1-P4 are the pole frequencies 
in that channel, and F is the fre¬ 
quency. 
Subtracting the shift in channel A 

from the shift in channel B, we find 
that the difference ranges from 
55°-65° over the 2-to-150 MHz 
band. In an effort to reduce the 
error, we slightly shift the pole fre¬ 
quencies of channel B. We find that 
reducing Pj and P by 0.933 and 
increasing P3 and P4 by the same fac¬ 
tor gives an error of less than Io 
over the band. This is certainly accu¬ 
rate enough for our purposes. With 
the pole frequencies established, we 
can easily obtain the circuit values 
for our choice of network. 

Conclusion 
A scheme has been presented that 

enables switch-mode operation of 
output devices over a broad band¬ 
width without tuning. A method has 
been shown for designing the critical 
phase shifting circuits jÿ’ 

References 
1. “High Efficiency Power Amp¬ 

lifiers for 13.56 ISM and HF 
Communications” Dierberger, Raab, 
and McDonald, RF Design, May 
1995, p. 28. 
2. “Class-S High-Efficiency Amp¬ 

litude Modulator,” F. H. Raab, RF 
Design, May 1994. 

3. “Terminating Complimentary 
Filters,” R.G. Anderson, RF Design 
letter, April 1990. 

CHAMPION 
TECHNOLOGIES. INC. 

OUR EXPERTISE IN 

VCXOs 
SPEAKS VOLUMES. 

In today’s competitive market, • engineers in hybrid circuit design and 
leading OEM’s need experienced a manufacturing - the same visionaries 
oscillator suppliers with reliable • who brought industry the first hybrid 
delivery and flexibility to meet their • VCXO and first high-performance 
application-specific requirements... , SMT VCXO - to support your specific 
quickly and on-time. • system demands. 

That’s why more companies are • From simple tracking of reference 
turning to Champion Technologies w signals to complete clock recovery 
in answer to their VCXO challenges, y schemes, Champion’s extensive 
You get the broadest range VCXO product line can meet 
of VCXO configurations in || all of your oscillator needs... 
the industry, plus work I uãuj J a volume above the rest, 
with experienced ■ W W 

MILLION 
VCXOs DELIVERED 

About the Author 
Robert Dehoney received his 

BSEE from MIT in 1950. After 
graduation, he worked for Allen B. 
DuMont Labs designing RF equip¬ 
ment for UHF TV. He retired from 
Fairchild Weston in 1987 as a Tech¬ 
nical Director in ECM. He is now a 
private consultant. He can be 
reached at 4602 Palm Boulevard, 
Isle of Palms, SC 29451, or by 
phone at 803-886-5785. 

With SMT frequencies up to 55 MHz and 
through-hole configurations in 80. 139 and 

155 MHz, Champion VCXOs provide the flexibility, 
stability and performance you require. 

For a free copy 
of our catalog, 

call us today at 
1-800-888-1499. 

NON-STOP 
L 

CHAMPION TECHNOLOGIES, INC. 
2553 N. EDGINGTON STREET a FRANKLIN PARK, IL 60131 

847-451-1000 a FAX: 847-451-7585 
http:llwww. champtech, com 

INFOCARD26 
RF Design 35 



BP software 

Program accelerates receiver 
and transmitter design 

By Mark Atkinson 
Orion Software 

With the rapidly expanding 
market for broadband, spurious-

free receivers and transmitters, the 
need for determining internally gen¬ 
erated spurious signals has grown. 
There are several potential sources 
for spurious signals in modern commu¬ 
nication equipment that need to be 
addressed. With the advent of micro¬ 
processors, digital signal processors 
(DSPs) and multiple-conversion high-
frequency designs, the possibility for 
problems with spurious frequencies is 
great. This is especially true in broad¬ 
band receivers with sub-microvolt 
sensitivity and transmitters with 
tight inband spurious output specifi¬ 
cations such as cable television 
(CATV) products including modula¬ 
tors, block converters, and processors 
(frequency translation). 
Good shielding and filtering of 

input and output (I/O) lines can vir¬ 
tually eliminate the microprocessor 
and DSP as a source, but the conver¬ 
sion process in communication devices 
will generate internal spurious fre¬ 
quencies that will show up in the 
input band or intermediate frequency 
(IF) of receivers and transmitters. Be¬ 
cause of the non-linear characteris¬ 

tics of mixers and the harmonics from 
oscillators, the potential exists for 
the large number of internally gener¬ 
ated spurious signals that appear in 
the input range of receivers and the 
output of transmitters and other 
signal sources. 
As an example, consider a dual¬ 

conversion design (Figure 1), which 
has internally generated spurious in-
band signals. The local oscillator (Lo) 
outputs can be passed through appro¬ 
priate lowpass or bandpass filters to 
virtually eliminate harmonics of the 
oscillators reaching the mixer. How¬ 
ever, the mixer creates products of its 
own. In addition, stray coupling on 
the printed circuit board, inadequate 
shielding and coupling between 
mixers are the main sources for sig¬ 
nals getting through to the mixers. 
Depending on the design objec¬ 

tive, many of the higher-order (M & 
N) spurious frequencies can be 
ignored, as usual¬ 
ly the higher M 
and N values are 
the weaker spuri¬ 
ous frequencies. If 
the design is for a 
sensitive receiver, 

or other high-specification product 
requiring a clean input or output, 
then an analysis should be per¬ 
formed. This analysis can be time¬ 
consuming, but using a computer 
program to perform the analysis 
speeds the process. 
One particular program identifies 

spurs in single-, double-, and triple¬ 
conversion designs. It also selects 
the best IF and fixed Lo frequencies 
in dual conversion for minimum 
spurs by searching through selected 
ranges. The program runs under 
Windows and is easy to use. The 
output includes tabular values and 
spectrum plots to show where spuri¬ 
ous frequencies occur. To identify 
potentially stronger spurs, any M or 
N of 2 or lower is highlighted in red 
both in the table and spectrum 
plot. A pull-down menu allows for 
complete variability in selecting the 
design to evaluate. The harmonics 

Receiver Parameters - 2 Mixers X 

Receive ।- 1 >  ~i 
Frequency Range: | lo 1550_ | MHz 

Channel Spacing: |6 | MHz 

IF Frequency: |S14 ~| MHz 

IF Bandwidth: |8 | MHz 

Lol Injection side: 

¡High 2J 

Lo1 664 Oto 1164 

Mixer 82 

Figure 1. Dual-conversion receiver. 

OK 

Cancel 

Mixer 82 Injection 
Frequency: 

Lo2 571 5 

Figure 2. Dual-conversion parameter window. 
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Wespeak 
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TDMA. It's here, h 
It's hot. It's huge. ) * 
And the opportunities are endless. 
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out of your products 

with less current and lower weight. 
We also have new power ampli¬ 

fiers for the Enhanced Total Access 
advantage of those opportunities with 
our new 333104BD dual mode RF IC 
power amplifier just for Digital AMPS 
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this amplifier's efficiency in the analog 

Communications System (ETACS) 
and 3-stage amplifiers for Ardis or 
AMPS applications... all available 
for demo board and IC sampling 
right now. 

So, if you want power amplifiers 
that open up a world of opportunity, 
let's talk... no matter what language 
you speak. 

Call us at 540-563-3949 or fax us at 
mode has not been compromised. 540-563-8616 for more information. 
In either mode, this device 
ensures high reliability and 
consistent performance, so you 

ITT GTC 
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ROANOKE, VA 24019 
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of the oscillator can be selected 
from 1 to 99 in the options menu, 
with the default value of 20. The 
table is correlated with the spectral 
line plots, and selecting any line in 
the spur table will turn the associ¬ 
ated spectral line green in the spec¬ 
tral display. Calculations can be 

performed in kHz, MHz, and GHz, 
as set by the user. 
Parameters are entered through 

graphical parameter windows that 
vary depending on the type of design 
considered. Suppose one selects 
double conversion. A window appears 
with a block diagram of a double-con-

RF Design Software 
Seven Years of Valuable Software Programs 

RF Design magazine is offering seven 
years of valuable RF engineering 
programs at a reduced rate. These 
disks help interested engineers in 
targeted areas. 

Our program has been 
discontinued, so we are offering our 
stock for 30% off published prices. 
Order your full seven-year set now, 
or call (770) 618-0398 for 
a complete listing of programs. 
• Monthly - $25 ($30 foreign) 
• Yearly - $120 ($135 foreign) 

Domestic Foreign 

$700 at 30% off = $490 $800 at 30% off = $560 
Complete set also availableon the Internet. 

YES! I want to order RF Design Software! □ Domestic - $490 □ Foreign - $560 

Name _ __ Title -
Company _ __ Phone -
City_ State _ Zip_ 
Country _ Postal Code_ 

Payment must accompany order. 
□ Check enclosed (Payment must be in U.S. funds) □ Visa/MasterCard □ AMEX 

Card #_ __ Exp. Date -
Signature _ __ Date -

MAIL TO: Intertec Direct Marketing • 6151 Powers Ferry Road NW 
Atlanta, GA 30339-2941 OR FAX TO: (770) 618-0347 

version receiver. The values are en¬ 
tered for the parameters as shown in 
Figure 2, (page 36). With the use of 
the tab key or mouse, one can move 
through the parameter window. It is 
possible to select low- or high-side 
injection, and the multiplication 
factor of each Lo from 1 to 12. The 
values of the Los based on input fre¬ 
quency and IF appear automatically 
at the bottom of the parameters 
window. The functionality of the 
program can best be demonstrated 
with several examples. 

Example 1: CATV demodulator 
A CATV demodulator or channel 

processor input section typically has 
an input range from 50 to 550 MHz 
and a second IF output that 
matches the standard TV IF of 43.5 
MHz. A dual-conversion approach is 
normally used. In this example, a 
first IF is selected to be 614 MHz 
with 8 MHz bandwidth. Initially, 
high-side injection is selected, 
which shows the Lo, a voltage-
controlled oscillator (VCO), to cover 
from 664 to 1164 MHz. The second 
Lo is also selected to be high-side to 
convert down the frequency. After 
all the values are entered, in¬ 
cluding a channel step size of 6 
MHz, click on “OK.” A table window 
appears with all the spurs pre¬ 
sented, clearly showing how they 
were determined. 
The M and N values, spur values, 

and the two oscillators are pre¬ 
sented in a table as shown in 
Figure 3. The spectral line plot at 
the bottom of the screen offers a 
graphical plot of the spurs. The am¬ 
plitude is based on the M and N 
value with the lowest values of M 
and N having the highest amplitude 
in the plot. An M or N that equals 2 
or less is highlighted in red along 
with the corresponding spectral line 
in the spectral plot. 
The frequency axis of the spec¬ 

trum plot has a range that includes 
the desired range of 50-550 MHz 
plus one half of the IF bandwidth 
added onto each end; therefore, 
spurs could occur from 46 to 554 
MHz (as is shown) because of the 8 
MHz bandwidth of the first IF 
filter. For simplicity, the IF band¬ 
width filter response is assumed to 
be a brick wall. The table shows 
spurs in the desired input range. It 
is now possible to select low-side in-
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Tune Into Any Of500Channels 
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jection and different first IF values 
to reduce the number of spurs. A 
search feature calculates spur values 
based on an automatic search of a 
range of IF and fixed Lo values. Al-

though the ideal result is free of 
spurs, one could shift the worst 
spurs by massaging the intermediate 
and local oscillator frequencies from 
a more trouble-

some spur to a benign spot in the 
band. It is easy to modify parame¬ 
ters and recalculate. From the table 
window, click on “Parameters,” and 

Hu. UUUU 
86 0000 
104 0000 
110 0000 
134 0000 
182 0000 
194.0000 
218 0000 

* 224 0000 
236 0000 
254 0000 
266.0000 
278 0000 
290 0000 
296 0000 
320 0000 
332.0000 
362 0000 
452 0000 
470 0000 
476 0000 

Hi.auuu 
84 5000 
103 0000 
114 0OO0 
134 5000 
183 5000 
197 0000 
218.0000 
228 0000 
235 0000 
253 5000 
263 0000 
278 0000 
291 0000 
294 5000 
320 0000 
335 5000 
360 0000 
450 0000 
472 0000 
477 0000 

thw® SI SpUtioUS h^UUWtojpt. 

15000 
10000 
4 0000 
0 5000 
1 5000 
3.0000 
0.0000 
4 0000 
1 0000 
0 5000 
3 0000 
0 0OO0 
1 0000 
1 5000 
0 0000 
3.5000 
2 0000 
2 0000 
2 0000 
1 0000 

maga 

700 0000 
718 0000 
724 0000 
748 0000 
796 0000 
808 0000 
832 0000 
838 0000 
850 0000 
868 0000 
880 0000 
892 0000 
904 0000 
910 0000 
934 0000 
946 0000 
976 0000 
1066 0000 
1084 0000 
1090 0000 18 

tëïatalhWz.' 

Ffeouency 228 0000 Spur Order 7 

571 5000 
571 5000 
571 5000 
571 5000 
571 5000 
571.5000 
571.5000 
571 5000 
571 5000 
571 5000 
571 5000 
571 5000 
571 5000 
571 5000 
571 5000 
571.5000 
571 5000 
571 5000 
571 5000 
571 5000 

X atea it Fiequcncy in MHz, Y am ía 40 - Spur Ord« Staph te Sputa in the Receive F tanurncy Range 

Figure 3. Dual conversion receiver spur table (example 1). Figure 4. Search parameters (example 2). 
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Figure 5. Search table results with “Calculate Spurs” window 
(Example 2). 

Figure 6. Dual-conversion transmitter spurs (Example 3). 

the block diagram with parameters 
of the design reappears. Edit the 
appropriate values and again click 
on “OK.” A new spurious-frequency 
calculation takes place with a new 
spectral plot. Parameter values can 
be saved by clicking on “File” and 
selecting “Save.” 

Example 2: search feature 
The process for finding the first 

IF and fixed Lo in a dual-conver¬ 
sion design to give minimum spurs 
can be done automatically. Select 
“Search” in the Receiver or Trans¬ 
mitter menu and enter the values 
for the search. As an example, a 
look at a typical two-meter amateur 
radio VHF transceiver covering 
from 144 to 148 MHz presents a 
clear way the feature works. 
Most two meter transceivers are 

dual-conversion with a 21.4 MHz 
(two spurs) or 10.7 MHz (no spurs) 
first IF and a 455 kHz second IF. 
But if another IF between 10 and 
22 MHz were desired (because of an 
image problem or Lo leakage), new 
IF values may be tested using the 
Search option. Select “Search” in 
the Receiver pull-down menu and 
enter the values as shown in 
Figure 4. The results of the search 
for the second Lo and corre¬ 
sponding first IF are presented in a 
table as shown in Figure 5 A sum¬ 
mary is also given that provides the 
ranges of the second Lo, which will 
produce a minimum number of spurs 
as set by the user. Click on any 
value in the table to get specific de¬ 

tails about the design parameters, 
including the variable Lo range and 
the current fixed Lo and first IF 
values. For more information about 
the spur total, click on the “Calcu¬ 
late Spurs” button. 
A new window will appear, 

showing the individual spurs asso¬ 
ciated with the selected table value 
and how they were calculated. For 
example, at an IF value of 21.4 
MHz, the table indicates there are 
two spurs. After clicking on the 
“Calculate Spurs” button, two 
spurs are shown, one each at 147.3 
and 147.5 MHz. Therefore, each 
spur total can be expanded upon to 
see where the spurs are located in 
the band. Because many designs 
will not have zero spurs but, in¬ 
stead, a lengthy table of total spurs 
over a wide range, the Search op¬ 
tion allows for quickly narrowing in 
on IF and fixed Lo combinations 
that could provide a high quality 
design. 
As can be seen in this two-meter 

design example, the search process 
is much quicker than continually 
entering new IF and Fixed Lo 
values and hoping to find a combi¬ 
nation that gives the desired re¬ 
sults. It also provides a unique way 
of testing general design parameter 
ranges, allowing one to find values 
that appear more promising. 

Example 3: down stream 
generator 
To design a CATV down stream 

generator covering the range from 

550 to 750 MHz, select the Trans¬ 
mitter menu and click on “Dual con¬ 
version.” A block diagram appears 
much like the one in Figure 2, ex¬ 
cept it is clearly for a transmitter 
with an input at 70 MHz. 
The other design parameters in¬ 

clude a channel spacing of 6 MHz, 
IF bandwidth of 10 MHz, first Lo 
injection frequency of 1,150 MHz 
and Lo2 injection side set at High. 
Fill in the values and click on 
“OK.” As with all types of spurious 
calculations, the parameters in 
Dual conversion are error-checked 
to ensure proper parameters have 
been entered. If invalid parameters 
are given, the program will inform 
the user and suggest valid parame¬ 
ters. The spurious frequency table 
appears (Figure 6) showing the 
output from 546 to 754 (550 to 750 
plus one-half the IF bandwidth on 
each end). 
There are several potentially 

strong spurs. If one desires to see 
where a spur lies in the spectral 
plot, simply click on the spur in the 
table, and the spectral line associ¬ 
ated with this spur will be high¬ 
lighted in green. Or, by clicking 
directly on a spectral line, the fre¬ 
quency and order of the spur is dis¬ 
played. This helps the designer to 
determine what portions of the 
band will cause the most difficul¬ 
ties. As shown earlier, the Search 
feature can be used, or individual 
editing of the parameter screen can 
be done to find a better IF and local 
oscillator combination. 
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Figure 7 (above). PLL counter with parameter window (Example 4). 

Figure 8 (right). Triple-conversion receiver parameters (Example 5). 

Example 4: PLL counter 
calculations 
One additional feature that is 

included is a phase locked loop (PLL) 
program to determine the selection 
of the best prescalar and counter 
combination. After a spurious analy¬ 
sis has been done, select “PLL” on 
the menu. A parameter window 
appears with the Lo range values 
already loaded in from the spurious 
design. Or, if the user desires, Lo 
values may be entered independently 
of the spurious pre-loaded values. All 
that is needed is the phase-detector 
reference frequency and the desired 
dual-modulus prescalar value. All 
known dual-modulus values are pre¬ 

sent, and one can be selected by 
scrolling to the one of interest (Fig¬ 
ure 7). Enter the reference frequen¬ 
cy and desired prescalar, then click 
“OK.” 
A table appears, showing the total 

count (NT), N and A counter values 
for each channel. The PLL program 
checks for valid parameters and 
results, and if the parameters or 
table results seem questionable, the 
program will notify the user. If there 
are no values shown in some places 
in the table, then the prescalar 
selected, reference frequency, or 
both needs to be changed. This fea¬ 
ture of the spurious analysis program 
quickly allows the designer to find a 

prescalar and reference that results 
in values of N and A for the program¬ 
mable counter to be realizable, and 
possibly clever. This process may 
result in a design that makes pro¬ 
gramming for parallel entry program¬ 
mable counters or microprocessor¬ 
based serial entry more simple than 
first thought possible. 

Example 5: triple-conversion 
receiver 
To demonstrate the effect each 

parameter has on the overall de¬ 
sign, consider a triple-conversion, 
wide band receiver with parameters 
as shown in Figure 8. Select “Triple 
Conversion” from the Receiver pull 

OSI Spurious Analysis Professional 11 tiple Convert on Receiver tXAMPLE5| 

Close 

* 692 0000 
712 0000 
722 0000 
732 0OO0 
782 0000 
792 0000 
812 0000 
872 0000 

632 0050 
692 0050 
712 0050 
722 0050 
732 0050 
782 0050 
792 0050 
812 0050 
872 0050 

0 0050 
(I 0050 
0 0050 
II 0050 
0 0050 
0 0050 
0 0050 
0 0050 
0 0050 

-2 
•3 
-5 
5 

2 

919 5000 
979 5000 
999 »000 
10OS 5000 
1015 5000 
1061 5000 
107S 5000 
1095 5000 
1155 5000 

reg. 

6 

<46 5000 
346 5000 
346 5000 
346 5000 
346 5000 
346 5000 
346 5000 
346 5000 
346 5000 

57 4550 
57.4550 
57 4550 
57 4550 
57.4550 
57.4550 
57 4550 
57 4550 
57 4550 

There are 9 spurious frequencies | AM frequencies ate in MHz. 

Figure 9. Triple-conversion spur table (Example 5). Figure 10. Triple conversion table (0.025 MHz steps, example 5). 
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C2630 0.01-1000 40 20 100 
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Werlatone Broadband Directional Couplers Offer No Compromise 

High Power Multi-Octave Performance 

Call us today for product information and your application needs. 

ERLAT0NE 
DECADES AHEAD 

Werlatone Inc. 
P.O. Box 47, Brewster, New York 10509 
Telephone: (914) 279-6187 
FAX: (914) 279-7404 
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down menu. After entering all 
values and clicking on “OK,” the 
calculation results are shown in 
table and spectral line plot format 
as indicated in Figure 9. Initially, 
the parameters are set to cover a 
wide receive frequency range and 
large channel spacing to determine 
a general idea of what spurs, if any, 
the band will contain. 
A wide channel spacing of 5 MHz 

was selected. From the table, one no¬ 
tices most of the spurs occur in the 
700-800 MHz range, while the rest of 
the band appears to be clean. One 
can then perform the calculations 
using a smaller channel spacing. With 
the same parameters used above, ex¬ 
cept the channel spacing reduced to 
25 kHz, the output table and spectral 
line plot change as shown in Figure 
10. 

It is now evident that the spurs are 
clumped around the spectral lines 
shown in Figure 9, but there are 

many spurs in between and 
throughout the entire band. Al¬ 
though the 5 MHz channel-spacing 
design appeared to be clean, simply 
reducing the channel spacing to 25 
kHz dramatically increased the 
number of spurs. By changing one pa¬ 
rameter, the characteristics of the re¬ 
ceiver change immensely. 
Again, consider the 5 MHz design. 

There are spurs mainly in the 700-
800 MHz range. One may reduce the 
bandwidth or change other parame¬ 
ters in order to determine if the 
700-800 MHz range spurs can be 
eliminated, or one may decide that 
these current spurious frequencies 
are of weak enough orders not to 
have any noticeable effects on the 
receiver. The designer can also use 
the current design for receiving fre¬ 
quencies 500-700 MHz and 
800-1000 MHz, and use another 
design for the band 700-800 MHz. 
Several design strategies are avail¬ 

able, and each can be scrutinized by 
simple adjustments to the calcula¬ 
tion parameters. 

Conclusion 
Appropriate software greatly aids 

the designer by providing informa¬ 
tion about internally generated 
spurs and PLL counters. Software 
that takes advantage of Windows al¬ 
lows several different types of de¬ 
signs to be open and viewed at once. 
_ RF 
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w cover story_ 

CDMA signals: 
A challenge for power amplifiers 
By Klaus D. Tiepermann 
Rohde & Schwarz 

An important characteristic of 
power amplifiers is the efficiency of 
their output stages. This is particular¬ 
ly true for solid-state amplifiers 
designed for military or heavy-duty 
commercial use. This use imposes the 
conflicting requirements of low device 
junction temperature to insure relia¬ 
bility and operation at high ambient 
temperatures. 

Inefficient operation affects the 
entire power amplifier package, re¬ 

quiring not only complex cooling 
schemes for the output devices, but 
requiring a larger power supply and, 
for portable applications, a larger 
generator as well, just to supply the 
extra power that is wasted as heat. 
An attractive approach to mini¬ 

mizing the loss in the output devices 
is to operate them in as close to a 
switch mode as possible. [1,2] 
Unfortunately, switch mode opera¬ 

tion requires that the harmonic 
voltages and currents be closely 
controlled. If reactive (reflective) fil¬ 
ters are used, reactive elements 
must be located (electrically) near 
the output devices. In some cases, 
this cannot be done. For example, 
in a 2-to-30 MHz, 5 kW amplifier, 16 

power modules 
might be required, 
combined in a four 
level binary com¬ 
biner. Consider¬ 
ing cabling and 
combiner electri¬ 
cal length, there 
can be many elec¬ 
trical degrees at 
the harmonic fre¬ 
quencies between 
the harmonic fil¬ 
ter assembly and 
the device junc¬ 
tions. At some fre¬ 
quencies, this can 
cause severe loss of efficiency and 
large voltage swings at the device 
junction, which can damage or 
destroy the devices. 
To explore this situation, we will 

simulate some idealized circuits to see 
what happens when a switched 
source operates in a narrowband load. 
Figure 1 shows a PSPICE version 

of a push-pull output stage with 
output devices simulated by ca¬ 
pacity-loaded switches. In a real-
world circuit, of course, there would 
be many other circuit elements, 
such as DC blocking capacitors, bi¬ 

Figure 2. CDMA spectrum. 

asing circuits and a balanced-to-un¬ 
balanced transformer (balun). In 
fact, this could be one of many mod¬ 
ules driven in parallel and working 
into a combiner. However, the ef¬ 
fects we wish to explore are not in¬ 
fluenced by these elements; they 
only clutter up the simulation. 
The switches are operated by the 

voltages across Rt and R2, V! and 
V2. When V¡ exceeds 0.01 V, Sj 
closes and looks like a low resis¬ 
tance. When Vj is less than 0 V, Sr

Figure 1. Generating the pilot signal of a base station. 

Figure 3. Statistical power distribution of a pilot signal where the proba¬ 
bility of occurance for instantaneous envelope power values is given in 
decibels above the average power. 
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Figure 4. Statistical power distribution for a signal with two and nine 
CDMA channels. Curve (a) represents the pilot and traffic channels 
<ptraffic=p pilot ” 3dB >- Curve (b) represents the nine-channel CDMA 
signal. 

Figure 5. A comparison of statistical power distributions. Curve (a) repre¬ 
sents the exponential distribution as theoretical distribution function of 
AWGN. Curve (b) represents a measured distribution of an AWGN signal. 
Curve (c) represents a nine-channel CDMA signal. 

opens and looks like a high resis¬ 
tance; V2 similarly controls S2. We 
arbitrarily choose Vs to be a 1 MHz, 
10 V peak sine wave and C: and C2 
to be 100 pF. We chose the on resis¬ 
tance, Rg, to be 1 ii and the off re¬ 
sistance to be 1 Mil. For reasons 
that will be evident later, we choose 
Rl = 16.667 Q. 
With Lj and L2 large enough to 

give a substantially constant cur¬ 
rent, the output across Rl is a 
square wave of about four times Væ 
peak-to-peak. With V^c = 28 V, 
PSPICE gives the spectral compo¬ 
nents and average current as fol¬ 
lows: 

Vpp -4VdcRl 
rl +4Rs 

(2) 

iDC = 5.42 A 

HARMONIC NO. 
Fundamental 

2 
3 
4 
5 
8 
7 
8 

9 

AMPLITUDE (V) 
57.50 
0.53 

19.20 
0.54 

11.50 
0.54 
8.20 
0.55 
6.30 

The efficiency is the ratio of the 
fundamental power divided by the 
DC power. For this idealized circuit, 
the inductor current is: 

, . 2Vpc 

L Rl+4RS

The peak-to-peak square wave 
output is: 

48 

The efficiency is: 

(0.8116)Rl

Rl +4Rs
(3) 

As Rs approaches 0, the efficiency 
approaches 81.16%. For our circuit, 
the efficiency is 65.3%. 
We now investigate what happens 

when the harmonic power is not ab¬ 
sorbed, but is instead reflected back 
into the switches. This is the case 
when a harmonic filter is added to 
our simple power amplifier, as shown 
in Figure 2. 
C3-C5 and L3-L6 form a balanced 

version of a five-pole Chebychev 
lowpass filter. This one is chosen to 
have 0.01 dB ripple. PSPICE gives 
the spectral results and average cur¬ 
rent as follows: 

lDC = 6.208 A 

HARMONIC ACROSS ACROSS 
NUMBER C3(V) BUY) 
Fundamental 69.91 67.01 

2 0.47 0.24 
3 9.58 0.78 
4 0.16 0.16 
5 3.29 0.15 
6 0.42 0.17 
7 1.74 0.10 
8 0.21 0.35 
9 1.41 0.20 

Compared to the no-filter case, the 
results are gratifying. The efficiency 
is up to 77.5%, and the harmonic 
power has not caused any great 
voltage swings on the switches. 
However, let us now move further 
into the real world. Our 2 to 30 
MHz amplifier will need eight 
switched harmonic lowpass filters. 
We cannot filter each of the 16 mod¬ 
ules before combining. Controlling 
the phase would be horrendous. We 
have to do our combining before we 
get to the switched filter assembly. 
We simulate this situation by 

adding a 16.667 Í2 transmission line 
between the switches and the filter, 
as shown in Figure 3. 
Table 1 summarizes a lot of 

PSPICE running time and shows in 
a dramatic fashion the problems har¬ 
monic power can cause. 
The line lengths transform the re¬ 

actance of the filter into an induc¬ 
tance that resonates with the 
switch capacity at the harmonic fre¬ 
quency. The stronger the harmonic, 
the more voltage is generated, and 
the more the efficiency is degraded. 
Note also the dramatic reduction in 
fundamental power. Even if the de¬ 
vices could tolerate the huge volt¬ 
ages, the transmitter is forced to 
operate at as much as 4 dB below its 
capability. 
How can this effect be avoided? 

One solution is to use non-re¬ 
flecting filters. These are usually 
designed as highpass and lowpass 
pairs called complimentary filters. 
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Not a plane. 
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blanks. It operates manually or by 

remote control. But most important, 

it delivers at least 500 watts of rf 

shut down. 

So if you need 500 watts mini¬ 

mum, you’re sure to get it, which is 

power, regardless of load VSWR. 

We designed the new all-solid¬ 

state Model 500A100 broadband 

rf amplifier to be used wherever 

you need reliable rf power over 
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mum). We shorted its output 
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where we start with any amplifier 
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input; detected rf input and output; 

mode selector. A front-panel power 

meter measures either forward 

or reflected power. And a back-

panel connector makes it easy to 
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remote controller. 
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thirteen economical broadband rf 
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and call us. One of our friendly AR 
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The highpass section is terminated 
and serves only to absorb the har¬ 
monic energy. However, some prob¬ 
lems are associated with the design 
of these filters [3], Another consid¬ 
eration is the number of additional 
circuit components required. To 
maintain a low voltage standing 
wave ratio (VSWR), our eight filters 
might need nine reactive elements 
each. The complimentary sections 
might need seven elements each, 
adding 56 elements to our design. 
The other approach is the subject 

of the following section. Consider 
the block diagram of Figure 4. The 
phase-shifting sections provide the 
indicated phase shift over the band 
Flow to 5xFhigh . Table 2 traces the 
phase shift through the diagram. 
The first phase shift section shifts 

the reference channel (B) by a vari¬ 
able amount X and shifts the A and 
C channels by X+60 degrees and 
X-60 degrees as shown. We assume 
the signal is sinusoidal at this point 
in the amplifier, so the phase shift of 
the harmonics is of no interest. We 
make the assumption that the power 
amplifiers (PAs) generate square 
waves in phase with their inputs. 
The phases shown are with respect 
to the reference channel phases. 
Note that in any channel, the shift 
of the Nth harmonic is N times the 
shift of the fundamental. 
Each channel goes through a last 

phase shifter as shown. Here, the 
reference channel is shifted by a 
variable angle Y, and the other two 
channels are shifted by Y-60 degrees 
and Y+60 degrees. 
The three channels are summed in 

the output combiner, with the fun¬ 
damental and seventh harmonic 
power adding in the output load and 
the other harmonic power being dis¬ 
sipated in the combiner dump ports. 
This scheme substantially does 

what we want. The only potential 
problem is the seventh harmonic, 
but it is not strong to begin with, 
and in a real transmitter, insertion 
loss and filter Qs minimize its build¬ 
up. 
To test this scheme, a PSPICE file 

was generated for the circuit shown 
in Figure 5. In this circuit, three 
push-pull switched sources drive 
three networks, which shift the 
phase as shown. Their outputs are 
combined in a tri-hybrid. The 
switches are operated by a 3 MHz 

Figure 6. CDMA spectrum 
(a) represents a pilot signal with an output power 
neis (-3 dB) with a total power of 1 W. 

source with outputs at 0°, —60° and 
-120°. The simulation used delay 
lines to get the phase shift, because 
only one frequency was being run. 
In a real amplifier, constant phase¬ 
shifting sections would be used. To 
minimize running time, only a single 
two-pole circuit was used in each 
channel. This limited the bandwidth 
ratio but still allowed fair accuracy 
up to the ninth harmonic. 
The test was intended to answer 

the following questions: 
a) What is the harmonic level at 

the switches? Is the square wave 
well-preserved? 
b) What is the harmonic level at 

the output? Is it sufficiently low so 
that reflected harmonic power is of 
no consequence? 

c) What is the conversion effi¬ 
ciency, DC to fundamental power? 
Table 3 is taken from the PSPICE 

printout. V(7,8), V(9,10) and 
V(ll,12) are the spectral components 
at the switches and show fairly well 
behaved harmonics. 
V(2,0) is the output showing a fun¬ 

damental of 38 V peak with minuscule 
third and fifth harmonic and a sev¬ 
enth harmonic more than 16 dB down. 
V(40,41) shows a 3.58 A DC cur¬ 

rent, giving an input DC power of 
5(3.58) = 17.9 W. The fundamental 
power is 38(38)/2/50 = 14.44 W giving 
80.6% efficiency. 
We can conclude that the scheme 

works. If we can design networks 

with intermodulation sidebands at the output of a power amplifier. Curve 
of 1 W. Curve (b) represents pilot and traffic chan-

that provide relative phase of -60°, 
0° and 60° over a broadband, we can 
implement the blocks of Figure 4 and 
cancel, or at least considerably re¬ 
duce, third and fifth harmonics. 
How do we design the networks? 

There may be an analytic way to syn¬ 
thesize them, but I’m not aware of it. 
One way that works reasonably well 
is to find the pole frequencies for a 
two-channel, 120° network, then 
add in the reference channel using 
approximate geometric mean pole fre¬ 
quencies. An example will make this 
clear. Assume we want to build a 2-
to-30 MHz amplifier. The output 
constant-phase allpass networks will 
then have to cover 2 to 150 MHz to 
pass the fifth harmonic. 
Using an allpass network program 

such as RF Design’s RFD-0193, we 
find that 4 poles/channel will give us 
120° with less than 0.2° error over 
the band. The pole frequencies are: 
We find the geometric mean of 

each pair as trial pole frequencies for 
channel B. This gives us: 

CHANNEL B (MHz) 
251.0060600 
36.0400560 
8.3240690 
1.1951886 

The phase shift produced in each 
channel is: 
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Figure 7. Configuration menu for multichannel CDMA signal. 

that the difference 
ranges from 
55° -65° over the 
2-to-150 MHz 
band. In an effort 
to reduce the 
error, we slightly 
shift the pole fre¬ 
quencies of chan¬ 
nel B. We find 
that reducing Pj 
and P2 by 0.933 
and increasing P3 
and P4 by the same 
factor gives an 
error of less than 

width without tuning. A method has 
been shown for designing the criti¬ 
cal phase shifting circuits. RF 
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where P4-P4 are the pole frequen¬ 
cies in that channel, and F is the 
frequency. 
Subtracting the shift in channel A 

from the shift in channel B, we find 

Io over the band. This is certainly 
accurate enough for our purposes. 
With the pole frequencies estab¬ 
lished, we can easily obtain the cir¬ 
cuit values for our choice of net¬ 
work. 

Conclusion 
A scheme has been presented that 

enables switch-mode operation of 
output devices over a broad band¬ 
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Hf tutorial_ 
Coping with cost constraints in a 
market-driven economy 
By Ernest Worthman 
Contributing Editor 

In today’s market-driven economy, 
the design engineer quickly finds out 
that cost is usually the most signifi¬ 
cant issue that must be faced. 

In engineering school, we spent 
many a night trying to figure out the 
Fourier transform of a step-pulse func¬ 
tion for a digital switch. But until re¬ 
cently, few of us ever sat through 
even a fundamental economics class. 

So, once we hit the real world and 
proudly design the voltage-controlled 
oscillator (VCO) with the flat power 
curve across its full bandwidth, or the 
near-perfect linear microwave power 
amplifier, the order comes down to cut 
30% out of the production cost. Bap¬ 
tism by marketing. 

Marketing perspective 
In most businesses, marketing is 

the guiding force. Marketing wants 
your product to cost nothing, do 
everything, be 100% user-friendly 
and be 100% reliable. 
We all are aware of the absurdity of 

such a concept. It is, however, mar¬ 
keting’s job to come as close to this 
equation as possible. So you, the engi¬ 
neer, are under tremendous pressure 
to make the product as competitive as 
possible. If you can’t design it competi¬ 
tively, they can’t sell it, and your com¬ 
pany makes no money. 
Because engineers are, by default, 

mathematically perspicacious, taking 
the project costs and plugging them 
into an equation is a good way to an¬ 
alyze the project. Some costs are be¬ 
yond the engineer’s control, but 
your marketing department will be 
impressed by a well-developed table 
of costs. 
One fairly generic equation serves 

as a good example. Of course, the 
equation can be adjusted to include 
situation-specific requirements. 

First, we have to decide which fac¬ 
tors to include. Once the factors are 
determined, we can assign variables 
to them and work them into the 
equation. 
On the macro scale, take a look at 

the global picture. All organizations 
have fixed costs, i.e., costs that are al¬ 

ways present. Items such as power, 
lease costs, building maintenance, in¬ 
surance and certain labor costs are 
typical examples. These costs can be 
lumped and represented by variables. 
These costs usually are not under the 
direct control of the engineer; in¬ 
stead they become fixed variables in 
the equation. 

Second, let’s address the costs 
that usually are under the control of 
the engineer. I call them local costs. 
Examples are materials, design costs, 
parts warehousing, quality control, 
test-and-analysis, and support costs. 

Finally, there are other variables 
such as profit, environmental costs, in¬ 
ternational delivery costs (if applic¬ 
able) and regulatory costs (such as 
FAA, FCC and EPA) that may need to 
be considered. 
Once the costs are identified, we 

can develop an equation to help us to 
analyze the project. The fundamental 
equation is : 

C = P(G[L + O + M]). 
where 

L = Labor 
O = Overhead @100% of Labor 
M = Materials 
G = G&A (general & administrative) 
P = Profit 
C = Selling price 

The next step is to develop the 
equation. From there we can add 
other variables as needed. Let’s as¬ 
sume that there are no padding costs 
or miscellaneous costs—yet. So the 
first thing we will do is to add a 10% 
G&A (G = 1.1). Next, we want to add a 
25% profit (P = 1.25). Now, to give 
some substance to this, let L = $1, O = 
$2 and M = $1.50. If we plug these 
into the equation, we come up with a 
selling price of $6.19. 

If it becomes necessary to add other 
costs to the project, include them 
based on their relationship to the basic 
production cost—that is, make sure 
the variable isn’t in the wrong place in 
the equation. Otherwise, the equation 
may not reflect the actual cost. 
As engineers, let’s take a look at 

the cost considerations we have the 
ability to affect. 

Engineer’s perspective 
From an engineering perspective, 

some of the earlier-mentioned variables 
can make the actual cost determination 
a bit more difficult. This is because the 
engineer sometimes is not given all of 
the information. Therefore, we need to 
analyze which additional factors must 
be included and where. 
The product being designed is a 

Whutzit. Design specification call for a 
combined RTC and a linear RF ampli¬ 
fier for 2.4 GHz wireless network ap¬ 
plications. You must bring the product 
to market in six months and for less 
than your competition’s cost of $6.50. 
You analyze the requirements, and 

you are given the fixed costs. For the 
sake of discussion, the earlier figures 
will be used. 
One of the additional variables you 

must consider is parts warehousing. 
Because your facility is small, you 
must buy parts in smaller quantities 
and at slightly higher cost. This adds 
5% to the material cost (M = 1.05*1.5 
= 1.575). Warehousing cost is a factor 
of the material costs and, therefore, 
affects only the material costs. Now 
the selling price is $6.27. 
The device also requires FCC ap¬ 

proval. The delay and additional labor 
to prepare the FCC submission add 3% 
to the G&A (G = 1.10 + 0.03 = 1.13). 
This brings the selling price to $6.45. 
Notice that this G&A expense has a 
profound effect on the final cost, even 
though it is a small percentage. 
Now, you think that you have deter¬ 

mined all of the costs and come up with 
a final figure. Just as you are getting 
ready to present your picture to man¬ 
agement, your are informed that there 
will be a strike in an overseas plant 
that delivers semiconductor substrate. 
You are informed that there will be an 
eight-week delay before the first ship¬ 
ment of substrate arrives. Your choices 
are to halt production for eight weeks 
or to purchase substrate elsewhere at 
a 100% premium above your current 
supplier’s price. You can either absorb 
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GaAs 

SWITCHES 
DC-2GHz Immediate Delivery from (1000 qty.) 

Finally! A line of SPDT absorptive, reflective and transfer switches that 
appeals to your technical side, and business side as well! It’s 

Mini-Circuits GaAs switches... providing outstanding performance 
features such as very high isolation (up to 60dB), superfast 3nsec 
switching speed and excellent compatibility with surface mount 

soldering techniques. Additionally, the entire series is built 
extremely tough and is immediately available from stock with a 

1 week shipment guarantee. At only $2.95 (qty.10), this 
top-of-the-line value is priced with your bottom line in mind! 
To order; call or Fax Mini-Circuits with your requirements today. 

Mini-Circuits.. .we’re redefining what VALUE is all about! 

Model No. 

MSW-2-20 
(Reflective) 
MSWA-2-20 
(Absorptive) 
MSWT-4-20 
(Transfer) 

Freq. 
(GHz) 

DC-2.0 

DC-2.0 

DC-2.0 

Insertion 
Loss ® 
dB (max.) 

1.0 

1dB 
Comp, ffl 
dBm (typ.) 

+24 

In-Out 
Iso. ® 
dB (typ.) 

34 

Price 
$ea. 

(qty.10) 

2.95 

1.3 +27 40 3.45 

1.8 IX® 
2.0 RX® 

+28 TX® 
+27 RX® 

30 3.95 

® Midband, 500- 1000MHz ©Transmit ©Receive 
All Units: SOIC Spin Package 

SPOT REFLECTIVE 

SPOT ABSORPTIVE 

Antenna 

TX® RX® 

Actual Size 

Antenna 

TRANSFER 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com circle reader SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. fi74reva 



FREQUENCY PRODUCTS 
ELECTRO DYNAMICS CRYSTAL CORP. 

Crystals 
• Microprocessor 
• Military Spec/QPL 
• Conununication 
• Custom Crystals 

Oscillators 
• Hybrid Clock 
• TCXO 
• VCXO 
• Custom Oscillators 

9075 Cody Overland Park KS 66214 
Phone (800) EDC-XTAL Fax (913) 888-1260 
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TECHNOLOGIES LTD 

OVER THIRTY YEARS 

EXPERIENCE IN 

THE MANUFACTURE OF 

MONOLITHIC CRYSTAL FILTERS 

_ PACKAGE FILTERS_ 

CRYSTALS 

• PERFORMANCE • QUICK DELIVERY • PRECISION • RELIABILITY • 

• COMPETITIVE PRICING • SERVICE • 

• MADE IN THE USA • CUSTOM & STOCKING ORDERS • 

APPLICATIONS FOP REGIONAL REPS NOW BEING ACCEPTED 

28 MILLRACE DR • LYNCHBURG, VA 24502 • TEL 804-385-8300 • FAX 804-385-8100 

the downtime or purchase more expen¬ 
sive material to keep the labor busy 
and the lines moving, but this will add 
cost to material. (Substrate is 50% of 
material costs.) 

Leaving profit out of the equation, 
let’s analyze both of these options and 
see which one is more cost-effective. 
Let the equation help you to deter¬ 
mine the direction. Your company can 
produce 4 million units during the 
first year, or 333,333 units per month. 
One option is to go ahead with pro¬ 
duction for the strike period using the 
more expensive substrate. In this 
case, modify the basic equation by 
adding the additional material cost (M 
= 1.57 + 0.78 = 2.35). This yields a final 
production cost of $6.04 (vs. $5.16). 
Note that this is a 15% cost increase, 
88 cents higher than the original cost. 
It also puts the new selling price 
(1.25*$6.04 = $7.55) way above the 
competition’s. This will be your first 
two months’ cost if you decide to go 
ahead with production. To get a total 
production cost, you add the first two 
months’ production cost to the other 
10 months’ production cost. The yearly 
production cost is then [2* 
(333,333*$6.04)] + [10*(333,333*$5.16)] 
= $21.21 million. Taking a quick look at 
the original cost, without the strike, it 
was [12*(333,333*$5.16)] = $20.6 mil¬ 
lion. Finally, doing the overall math, it 
works out to about $610,000 more, or 
about 15 cents per unit. 

Next, go through the above process 
again, but work the equation with the 
option to delay the production (M = 0). 
This will have a two-month delay 
upon the product. This will cost the 
company $3.39 (C = [1.13(1+2+0)]) for 
each unit that cannot be produced be¬ 
cause the company still has to cover 
the fixed costs and support equipment 
and staff. Therefore, the cost of delay 
is: 2*(333,333*$3.39) = $2.26 million. 
Next, add the cost of the original 12-
months’ production cost of $5.16 
per unit and you get: 12*(333,333* 
$5.16) + 2($3.39*333,333) = $22.26 mil¬ 
lion in production costs, which is $1.66 
million more in production costs and 
about 41 cents per unit. 
Because it is pretty obvious that 

the more cost-effective way is to go 
with the second substrate source, we 
can come up with a final selling price: 
C = [1.25(1.13(1+2+1.57)] + (0.15) = 
$6.60 (This time the additional cost is 
added as a stand-alone variable in the 
equation because it was amortized 
over the entire production run as a 
fixed cost.) This result is 10 cents 
above the competition’s price. This re¬ 
sult is what we take to management. 
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What Other Manufacturer or 
Distributor Has the RF Leadership of 
Penstock and Motorola? 
In kock fo/ kjjjnetS^te 

Downconverter 
MRFIC2001 

X 

Antenna Switch 
MRFIC2003 

0 - 250 MHz 

■M2003 
1 XÄKS JpñlJ Upmixer/PA 

]' X| MRFIC2101 

MRFIC2003 GaAs Antenna Switch (SO-8) 
Frequency 

Supply Voltage 

Supply Current 

Recommended Input Power 

Insertion Loss (RF1 to RF2I/ 

(RF1 to RF3) 

100 to 1000 MHz 

28to6.0Vdc 

<10 mA (typ) 

17 dBm 

0.8/0.5 dB (typ) 

Isolation (RF1 to RF2)/(RF1 to RF3) 23/20 dB (typ) 

PLL 

Baseband 

Typical 900 MHz ISM Block Diagram 

To receive your NEW RF Selector Guide, Fax to 602-966-6122 

NAME TITLE 

COMPANY 

PHONE 

ADDRESS 

CITY, STATE, ZIP 

rf 
Select» 

APPUCATION EST QUANTITY 

Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM” 

penstock 
AN AVNET COMPANY 

MRFIC2001 Down Converter LNA/Mixer (SO-8) 

• Frequency 

• Supply Voltage 

• Supply Current (On Mode) 

• Conversion Gain 

• Single Sideband Noise Figure 

• P out 1 dB Gain Compression 

500 to 1000 MHz 

27to5.0Vdc 

4.7 mA (typ) 

23 dB (typ) 

5.5 dB (typ) 

-10 dBm (typ) 

MRFIC2101 Tx-Mixer/Exciter (SO-16) 
Frequency 

Supply Voltage 

High Linearity IP^o = 

Low LO. Drive Required = 

Power Down Supply Current = 

900 MHz 

5.0 Vdc 

23 dBm (typ) 

-15 dBm (typ) 

20 pA (typ) 

Externally Adjustable Exciter Bias Current 

1-800 PENSTOCK. 
In Northern California Call 408-745-8100 

In Canada call 613-592-6088 Today. 
W MOTOROLA 

Semiconductor Products Sector 

© 1996 MOTOROLA, INC. ALL RIGHTS RESERVED. MOTOROLA AND ® ARE REGISTERED TRADEMARKS OF MOTOROLA. 
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PRECISION CROs & DROs 
FOR TOUGH CUSTOMERS 

• Guaranteed 
Performance 

• On-Time 
• Priced Right 

Pick the frequency! 

CROs from 400MHz to 3GHz 

DROs from 3GHz to 42GHz 

DELPHI sources use MIC hybrids and surface mount devices to yield high 
performance in a small size. When internally phase locked, frequency stability of ±2.5 
PPM is achieved, with excellent phase noise and low microphonie susceptibility. 
Output power levels are available from +10 to +23 dBm or higher. Frequencies for 
CROs range from 400MHz to 3 GHz and DROs range from 3GHz to 42GHz. Phase 

locked units accommodate internal or external reference oscillators. 
Quick delivery of quality products begins with fast crystal procurement, continuous 

process control, bar code tracking, and a strong stocking program. 

For more detailed information, call DELPHI 
at (714) 831-1771 or FAX (714) 831-0862 delphi 

JL Components, Inc. 
a Division of Aura Systems, Inc. 

DELPHI COMPONENTS, INC., 27721A La Paz Road, Laguna Niguel, CA 92677 
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RETURN LOSS BRIDGES 
FEATURES: 

5 watt power 
High directivity 
RF reflected port 
Replaceable pins 
Internal reference 
Rugged construction 

At the management meeting, you 
present your analysis. You include 
the obligatory charts and supporting 
documents showing how you arrived 
at the new cost. Marketing insists 
that the selling price cannot be over 
$6.50. You stand your ground, in light 
of the fact that you need some addi¬ 
tional resources to make the unit, in 
light of the unforeseen circumstances. 

Compromise 
You try to work a compromise, and 

after much debate, marketing agrees 
to give up 3 cents per unit. That 
leaves you to find a way to cut the 
other 7 cents. This is when you look 
at your design costs, you work with 
suppliers and you try to lower some of 
the variable in your equation. 
What to look at — Many areas can 

offer cost savings. Two of my favorites 
are design costs and parts costs. Design 
costs include labor and materials 
(other than assembly parts). Although 
it is not popular to do so, look is at the 
design team. Can the design team be 
made more efficient? Can employees 
be reassigned to another project, or 
can their cost be shared with another 
product, without affecting the time 
line of the development cycle? Or, can 
some tools (such as software) be pur¬ 
chased up front, tools that will in¬ 
crease the efficiency of the design 
team? And, can an existing design be 
adapted, as well as existing fixtures 
for manufacturing? If such options 
exist, they can be plugged into the 
equation in the proper place, and you 
can see the effect on the final cost. 
Now, let’s say that the percentage 

makeup of the design team part of the 
labor (L) looks like this: 

STAFF 
3 engineers 45% 
1 CAD draftsman 15% 
1 support staff 10% 
1 manager 3% 
Total 73% 
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Return loss bridges from Eagle cover from .04 MHz to 3.0 GHz. A 
robust five watt power rating, unmatched in the industry, allows for 
versatile measurements. Optional replaceable center pins allow 
quick and economical repair of damaged connectors. Why pay more 
forbridges with fewer features than EAGLE? 

FREE APPLICATION NOTE: High Performance VSWR Measurements 

Mode s Available 
NUMBER FREQ RANGE DIRECT O/S Ratio PRICE 
RLB150B1 
RLB150N3B 
RLB150N5A 

.04-150 MHz 
5-1000 MHz 
5-3000 MHz 

>45 dB 
>45 dB 
>40 dB 

<0.5 dB 
<0.5 dB 
<1.0 dB 

$279.00 
$389.00 
$595.00 

VOICE: (520) 204-2597 
FAX: (520) 204-2568 

PO Box 40 10 Sedona, AZ, 86340 

This means that the design team 
makes up 73% of the total labor (L). 
Through some redesign efforts you 
take 10% off of the engineers’ costs. 
Therefore, 10% of 45% = 4.5%. This 
makes the labor for engineering cost 
40.5%. Your staff cost is now 68.5%. 
If labor were $1 before, your share 
was 73 cents. Now it is 68.5 cents. 
That takes 4.5% off of the $1 to make 
it 95.5 cents. When we plug this into 
the equation, we get $5.12 and a 
selling price of $6.40. As it turns out, 
this took 4 cents out of the original 
production cost of $5.16. That leaves 
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another 3 cents in cost reduction to 
find. Adding the 15-cent amortized 
substrate cost brings the selling price 
to $6.55. Backing out the 3 cents 
from marketing brings it down to 
$6.52. (The 1-cent discrepancy is due 
to rounding off the figures). 
Now you only have to find another 

2 cents in other areas. Of course, you 
can continue to look at labor, but for 
the sake of argument, assume that 
this is all you can find to cut from it. 

Another area ripe for cost cutting is 
parts. There are a number of ways to 
cut costs, and the most obvious is to 
try to get cheaper components or to 
reduce the component list. Let’s as¬ 
sume that we have already done that, 
and any further compromise in compo¬ 
nent integrity will put us outside the 
acceptable performance delta. 

If we can’t reduce component cost, 
maybe we can reduce component han¬ 
dling. As mentioned before, the fa¬ 
cility is too small to warehouse a lot 
of parts and, therefore, we are paying 
a slight premium to order smaller 
quantities. Perhaps we can institute 
a JIT (just-in-time) scheme that will 
allow us to place a larger order and 
get a better price break. 

After discussing this with the var¬ 
ious vendors, it turns out that we are 
able to use a JIT program with some of 
them. In doing so, we get a 2.5% 
overall concession in parts prices. That 
drops the total parts cost from $1.57 to 
$1.54 (P = 1.54). Again, plugging these 
numbers into the equation gives us 
$5.09. Notice that this took out an ad¬ 
ditional 3 cents, which is enough to 
bring the production cost under the 
line. Figuring in the profit gives us a 
selling price of $6.35. Finally, again 
adding the 15-cent amortized sub¬ 
strate cost, the selling price is $6.50, 
which is the target price. 

Conclusion 
An infinite number of variables can 

be used to replace or complement the 
examples and to modify the equa¬ 
tions. There are also other equations 
that can be applied under the same 
concept to achieve similar results. 

Engineering no longer is a design 
first, cost later profession. Today’s en¬ 
gineers must be extremely cost-
conscious. Novice engineers must 
concern themselves not only with de¬ 
sign, but with cost-effective design. 

In preparing this article, I used in¬ 
formation supplied by Andy Przed-
pelski of the Shedd Group and H. 
Clark Bell of hf+, an RF and mi¬ 
crowave engineering and consulting 
firm in La Jolla, CA. Iff 

PROTOTYPE CIRCUIT BOARDS 
WITH THRU-HOLE PLATING.... 
FABRICATED AT YOUR BENCH 

The LPKF Protomat 93S System with optional 
automated AutoContac thru-hole plating system 
fabricates complete boards in less than four hours. 
Fully programmable speed control provides superior 
results for a full range of board materials. 

► Input Gerber, Excellon or HPGL files and produce Analog, 
Digital, RF and Microwave prototype circuit boards. 

► Windows software with programmable 
insulation width, multiple tool rub out, 
and full tool management. 

► Solderable thru-hole plating with 
conductive epoxy. 

► Tool speed to 60,000 RPM on FR-4, 
Duroid™, PTFE, G10 materials. 

► Environmentally safe - all mechanical, 
no etching chemicals 

> Fast payback - typically 3 - 9 months. 

CALL TODAY 1-800-345-LPKF 
6190 S.W. Arctic Drive Beaverton, Or. 97005 

(1-800-345-5753) or FAX to: 1-503-643-3662 
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CAD/CAM 
SYSTEMS INC. 

Cut Your RF “Losses” with 
Hitachi Metals’ Components 
Hitachi Metals’ RF and microwave components 
can increase your product performance and com¬ 
petitiveness in this tough international market. 

Want better impedance matching perfor¬ 
mance? Hitachi components are optimized to 
provide better matching. Specify Hitachi. 

Want to save circuit board area and package 
volume? Designed with our superior 
“Multi-Layered” technology, Hitachi 
components require minimal volume and 
circuit board area. Specify Hitachi. 

Specify Hitachi, a major international 
supplier of electronic components. 
Hitachi, setting the highest quality 
and reliability standards in the world. 
RF TRANSFORMERS 

CIRCULATORS, ISOLATORS 

COMBINERS AND SPUTTERS 

COUPLERS 

RF Design 

DOUBLE AND SINGLE 
BALANCED MIXERS 

LOW PASS FILTERS 

ANTENNA SWITCHES 

Hitachi Metals America, Ltd. 
2101 S. Arlington Hts. Rd., Suite 116 
Arlington Heiqhts, IL 60005 
Tel: (847) 364-7200 Fax: (847) 364-7279 
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The Standard for Performance 
For over fifteen years engineers and 

OEMs alike have relied on PTS 
frequency synthesizers for unmatched 
stability, speed and spectral purity. 
These direct analog and direct digital 
synthesizers meet the most challenging 
systems development requirements... 
ATE systems, satcom, wireless, medical 
imaging, secure communications, and 
more. You’ll also find them in 
production environments, where they 
play a key role in quality assurance. 

Our synthesizer models cover the 
100 KHz to 1 GHz band with 0.1 Hz 

resolution. They are available with 
switching times from 1 psec, spurious 
outputs as low as -75 dBc and 
outstanding phase noise characteristics 
(SSB phase noise at 1GHz, 1 KHz offset. 
-1 10 dBc/Hz). 

The Standard for Reliability 
PTS synthesizers were designed 

from the outset to defiver the best 
reliability in the business. We adhere to 
conservative derating practices, keep 
power consumption and internal heat 
buildup to an absolute minimum and 
subject finished systems to rigorous 
temperature cycling and electrical 
testing. The result: a field-proven 
25,000 hr MTBF. Since 1985 we’ve 
offered a full 2 year warranty and a 
flat-rate repair fee of just $350 for 
years 3 through 10. 

It’s time you had the best of both 
worlds. The best performance-price 
and the best reliability. Call today for 

more information and we ll also send 
you a free copy of the RF Design 
Frequency Synthesis Handbook. 

Features and Options 
•BCD or GPIB remote control 
•DDS with phase-continuous switching 
•OCXO, TCXO or external 
frequency standard 

•Resolution to 0.1 Hz 

•Digital phase rotation 
•Output power to + 13dBm 
• Proven 25,000 hr MTBF 
•2 yr warranty 

•$350 repair fee, yrs 3 -10 
($500, Model PTS 1000) 

PROGRAMMED TEST SOURCES, INC. 
9 Beaver Brook Road, Littleton, MA 01460 

Tel: 508 486-3008 Fax: 508 486-4495 
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^industry insight_ 
Production testing grows as an 
RF product’s design requirement 
By Gary A. Breed 

Design for manufacturing always 
has been part of RF engineering, but 
not always a big part. Many tradi¬ 
tional RF products have been 
designed almost entirely for perfor¬ 
mance and have been manufactured 
in relatively small quantities. Radio 
and TV transmitting equipment, test-
and-measurement instruments and 
military communications systems are 
good examples. 
With changes in the market for 

radio-based wireless communications 
services, most RF manufacturing in¬ 
volves commercial or consumer prod¬ 
ucts. Designers must include “man¬ 
ufacturability” as a key design para¬ 
meter. RF products typically require 
more testing, and testing with more 
types of equipment, compared to other 
electronic devices. To reduce costs, 
testing must be simplified by simulta¬ 
neously reducing the number of tests 
and increasing the speed of the rest. 

No-tune circuits 
Part of RF production testing con¬ 

sists of observing measurements while 
making adjustments. This manual pro¬ 
cedure is inefficient and expensive. 
Several design techniques can be 
used to simplify or to eliminate adjust¬ 
ments on the assembly line. 
Broadband circuits—Tuning usu¬ 

ally means adjusting an inductor or 
capacitor to achieve resonance or to 
optimize coupling in a tuned circuit, 
filter or matching network. During 
the past 10 years, much attention has 
been given to broadband devices. Dar¬ 
lington amplifier blocks with 50ß 
input and output impedances over 
hundreds or even thousands of mega¬ 
hertz have replaced discrete tran¬ 
sistor stages in many applications. 
Despite increased current consump¬ 
tion, these devices can reduce compo¬ 
nent count and eliminate tuning. 
Broadband design techniques can be 
applied to matching networks, even 
those with topologies (and component 
counts) the same as narrowband net¬ 
works. In a broadband network, com¬ 
ponent values can vary without sig¬ 
nificantly affecting circuit operation. 

Pre-tuned components—Previously, 
few RF products were made in quanti¬ 

ties sufficient to warrant investing in 
process development, precision manu¬ 
facturing equipment and automated 
testing. Now, filters, couplers and ac¬ 
tive circuit-building blocks are offered 
as drop-in components. The concen¬ 
tration of activity in the cellular band 
and nearby mobile radio and Part 15 
Industrial Scientific and Medical 
(ISM) bands have created families of 
“commodity” components. Buying a 
transmit-and-receive diplexer or a 
Voltage-controlled Oscillator (VCO) is 
as easy as buying a resistor. 

High-level integration—“Radio-on-a-
chip” is a goal of integrated circuit¬ 
makers that guarantees a no-tune sit¬ 
uation. The challenges of putting RF 
on a monolithic silicon or GaAs wafer 
are significant: combatting high-fre¬ 
quency coupling effects, the inability 
to make large capacitors for coupling 
and decoupling, the size and low Q of 
monolithic inductors, and a lack of RF 
experience among chip-makers that for 
a long time have served only digital 
and low-frequency analog markets. 
Still, available devices include virtu¬ 
ally all RF circuitry on-chip, with only 
a few capacitors and a filter or two ex¬ 
ternal to the device. 

Computer-aided design 
CAD software has two benefits for 

RF design. First, software circuit 
models are close to actual, as-built cir¬ 
cuits. This accuracy allows a design to 
be analyzed and optimized for assembly 
using components with an expected 
spread of values. Designs then become 
more predictable. Assembly line ad¬ 
justments that formerly were required 
“just in case” are unnecessary. 
The second benefit of good CAD 

tools is engineering productivity. 
When software accurately represents 
real circuits, few prototype iterations 
are needed. Some of the time saved 
can be applied to further circuit re¬ 
finement. More design options can be 
explored; and techniques less familiar 
to an engineer can be investigated, 
resulting in a final design closer to 
ideal than would be realized if the en¬ 
gineer were required to “stop de¬ 
signing and start building” at an 
earlier stage. 

The other side of the production 
testing issue concerns the speed and 
simplicity of the tests that remain 
after creating the final design. 

Instrumentation advances 
Automated test systems—Whether 

done by interconnecting individual in¬ 
struments or by using a modular 
system like VIXbus, automation speeds 
measurements. Computer control of 
instrumentation and of data analysis 
is both fast and simple, compared with 
manual operations. It reduces the 
skill required of the operator from 
that of a specialized test engineer to 
that of a good assembly-line worker. 
Virtually all high-quality instruments 
are capable of being used in this way. 
Instrument speed—To test even 

faster than automation allows, indi¬ 
vidual instruments must operate 
faster, with faster frequency sweeps, 
faster changes between measurement 
setups, and faster settling time per 
measurement point. In power mea¬ 
surement, testing can be accelerated 
by using diode detectors instead of 
thermocouple detectors. In spectrum 
or network measurements, sweep time 
is reduced by varying the sweep rate 
or accuracy across the measurement 
band. An example would be to take 
measurements only in the center of 
the passband or at the band edge. 

Multifunction instruments—As have 
component makers, instrument compa¬ 
nies have created standard test sets 
for widely-used applications, such as 
cellular. Coordinating testing in one 
box is much easier than controlling 
several instruments and, in most 
cases, it is much less expensive. 

Conclusion 
High-volume manufacturing of RF 

products has brought changes to pro¬ 
duction that must be addressed. De¬ 
signers must provide part of the cost 
savings in production by designing 
products that need a minimum of 
testing. This step alone isn’t enough 
to meet production testing speed re¬ 
quirements, so instruments them¬ 
selves are changing to meet the need 
of manufacturers serving a growing 
RF marketplace. IDf’! 
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2kHz- JOGHz from 
Choose from over 480 standard off-the-shelf models from 

2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering 

2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider 

bandwidths, higher isolation, lower insertion loss, and phase matched ports... all at catalog 

prices with rapid turnaround time. Models include surface mount, plug-in, flat-pack and 

standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as 

custom designs. Ultra-miniature surface mount units provide excellent solutions in 

cellular communications, cable systems and countless wireless applications. All units 

come with a 1year guarantee and “skinny” 4.5 sigma repeatability unit-to-unit and 

production run to production run. Catalog models are guaranteed to ship within one week. 

Mini-Circuits... we’re redefining what VALUE is all about! 



Mini-Circuits RF/IF Surface Mount Designer's Guide features 
48 pages of the most up-to-date and complete product and 

specification information about Mini-Circuits surface mount 
components.The RF/IF Microwave Handbook is packed with 

740 pages of articles, selection guides and detailed 
specifications for Mini-Circuits components. 

Call, write or fax for your free Surface Mount Designer’s 
Guide and Handbook today! 

n Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com C/RCtE READER SERVICE CW 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
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Rf products 
Front-end SAW filters 
for wireless receivers 
RF Monolithics has intro¬ 

duced a series of low-loss, 
surface-acoustic-wave (SAW) 
RF filters that solve out-of-
band interference problems 
in low-power radio systems. 
RF1171 and RF1172 at 418 
and 433.92 MHz, respective¬ 
ly, have an insertion loss of 
3 dB. RF1210 and RF1211 at 
303.825 and 315 MHz, 
respectively, have an inser¬ 
tion loss of 1.7 dB. RF1181 
at 916.5 MHz has an inser¬ 
tion loss of 4 dB. All of the 
filters use selective null 

placement to provide greater 
than 40 dB suppression of 
the local oscillator and image 
responses in superhetero¬ 
dyne receivers operating 
with a 10.7 MHz IF. The fil¬ 
ters also have a minimum 3 
dB bandwidth of 500 kHz 
and an ultimate rejection of 
80 dB. The filters are 
designed for wireless remote 
control, meter-reading, auto¬ 
motive keyless entry, securi¬ 
ty, and data telemetry. 
RF Monolithics 
INFO/CARD #153 

Series linear 
optocoupler 
The LOC series linear op¬ 

tocoupler made by CP Clare’s 
semiconductor group has 
applications that include 
instrumentation and process 
control (isolated 4-20 mA 
control loops), isolated power 
supply feedback, motor speed 
control and audio signal cou¬ 
pling. Coupling analog and 
digital signals, the LOC also 

Jitter generator 
The JitterGEN jitter gen¬ 

erator from Noise Com is an 
automated instrument that 
adds controlled jitter to data 

features a >200 kHz band¬ 
width, high gain stability, 
and low input and output 
capacitance. The device is 
designed for isolation amplifi¬ 
er designs as a transformer 
replacement for telephone 
line coupling, power supply 
feedback and audio signal 
interfacing. The LOC oper¬ 
ates from -40° C to 85° C and 
is priced at $1.29 in 10,000-
piece quantities. 
CP Clare 
INFO/CARD #154 

signals at T1Æ1 frequencies. 
The instrument stresses the 
T1Æ1 connections to PSTN, 
cellular and PCS base sta¬ 
tions, satellite modems, and 
microwave links. It is used for 
testing according to the full 
specifications of AT&T 
Accunet TR62411 and other 
international specifications 
such as G.823 and G.702. The 
JitterGEN provides con¬ 
trolled FM and PM jitter in a 
range from 0.009 Hz to 
400kHz, and unit interval 
(UI) controlled jitter from 0 to 
200 UI. The system will func¬ 
tion as a stand-alone instru¬ 
ment or under the control of 
an external instrument 
controller. Functions are 
software-driven. 
Noise Com 
INFO/CARD #155 

Miniature multiple 
synthesizer 
RF Prototype Systems’ 

small, low-cost multisynthe¬ 
sizer allows implementation 
to double- or triple¬ 
conversion radios and up or 
down converters. It fea¬ 
tures three independent 
PLLs on one board, each 
settable to a frequency from 
100 and 2,800 MHz via 
jumpers. Each of the three 
RF outputs are capable of 
delivering 5 dBm. Isolation 
between each PLL is >60 
dB. There is an on-board 
reference oscillator but the 
synthesizer will accept an 
external reference oscilla¬ 

tor as well. The unit 
requires only one 5 VDC 
power supply. It is available 
as a board or module, and it 
has a reference frequency 
range of 1 to 20 MHz. 
RF Prototype Systems 
INFO/CARD #156 
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High-frequency 
laminate 
RO4350, a new high-

frequency circuit material 

laminate from Rogers, offers 
high-frequency perfor¬ 
mance—compared to woven-
glass PTFE substrates 
—with the ease of fabrica¬ 
tion associated with epoxy 
and glass laminates. This 
material family is specifically 
targeted to low-cost, high-
volume, commercial wireless 
applications. RO4350 does 
not require special through-
hole treatments or handling 
procedures, which allows 
fabrication and assembly 
of high-frequency circuits 
for about the same cost 
as epoxy and glass. RO4350 
features a K' of 3.48 and 
a thermal coefficient of 
expansion in the Z-axis of 
50 ppm. 
Rogers 
INFO/CARD #157 
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SIGNAL PROCESSING 
COMPONENTS 

Dielectric resonator 
quadroplexer 
K&L model 6DRZ-725/1275P is a 

highly selective dielectric resonator 
quadroplexer with extremely low loss. 
Maximum insertion loss is less than 2.2 
dB at each center frequency. The 3.0 
dB bandwidth is 55 MHz, VSWR is 
1.5:1 typical, and stopbands are 60.0 
dB at Fo ±80 MHz. The unit measures 
2.0" x 1.7 "x 0.8". 
K&L Microwave 
INFO/CARD #158 

Power splitter, combiner 
Mini-Circuits has introduced the 

PQW-2-270, a new two-way 90° power 
splitter and combiner featuring a wide 
3:1 bandwidth covering the 90 to 270 
MHz frequency range. This 50Q device 
has 1.0° typical phase unbalance, 1.4 
dB amplitude unbalance and 1.25:1 
VSWR. The plug-in unit is housed in a 
hermetically sealed case and with¬ 
stands operating and storage tempera¬ 
tures from -55°C to 100°C. Uses 
include I&Q and QPSK modulators. 
The unit is priced at $29.95 each. 
Mini-Circuits 
INFO/CARD #159 

Multi-octave stripline 
power divider 

Midisco model MDC2245A is a two-
way isolated power divider and combin¬ 
er that covers 0.5 to 4.0 GHz in one 
unit. The isolation is 20 dB minimum; 
insertion loss is 0.5 dB maximum; 
amplitude balance is 0.2 dB maximum; 
and the phase balance is 4°. VSWR is 
1.3:1 maximum at the input and 1.2:1 
maximum at the output. With a 1.2:1 
VSWR at the load, the average power 
rating is 30 W. The price is $249 each. 
Midisco 
INFO/CARD #160 

Directional couplers 
for CDMA feed-forward 
amplifiers 
Merrimac has developed directional 

couplers specifically for feed-forward 

amplifier applications in CDMA sys¬ 
tems that require a ± 0.1 dB frequency 
sensitivity across the operating band. 
The family of couplers includes cou¬ 
pling values to 40 dB and covers either 
the 900 MHz or the 1,800 MHz PCS 
frequency band. All have been devel¬ 
oped for high-volume, low-cost pricing 
and for reliability. 
Merrimac Industries 
INFO/CARD #161 

Surface-mount level 
detector 
Model LNJ9901 threshold detector 

from Amplifonix accurately measures 
RF signal levels from 20 to 2,000 MHz 
with a sensitivity of 0.9 V. It provides 
a video output proportional to the 
input power, which is useful for signal¬ 
monitoring applications including 
amplitude detection, detector log video 
amplification and automatic level con¬ 
trol. A schottky diode detector, voltage 
reference and temperature-
compensated comparator are contained 
in a hermetically sealed, surface-mount 
package. The small-signal VSWR is 
1.8:1. The unit operates at 15 V. The 
unit is priced at $111 for 1-24 units. 
Amplifonix 
INFO/CARD #162 

CABLES & 
CONNECTORS 

Superflexible cable 
HST4-50, a 1/2" high-power super¬ 

flexible cable, fits wireless applications. 
Made by Andrew, the HST4-50 cable 

allows operation at an average power 
of 2.7 kW at 960 MHz. The cable fea¬ 
tures a helically corrugated, solid-
copper outer conductor for better flexi¬ 
bility, shielding effectiveness and 
impact resistance when compared to 

RF Design 

braided cable. Because adhesive is not 
used on the inner conductor, connec¬ 
tor installation times are decreased, 
and attenuation is improved. 
Andrew 
INFO/CARD #163 

HN series RF connectors 
HN series RF connectors for applica¬ 

tions ranging from semiconductor wafer 
processing systems to instrumentation, 
cellular and wireless communications 
equipment are available from Tru-
Connector. These connectors are 
slightly larger than standard N types. 
They handle up to 5,000 V, provide 
50Q impedance and operate over a 0-to-
4 GHz frequency range. Designed to fit 
cables from 0.195" to 0.945" O.D., they 
are available as straight-through and 
right-angle plugs, jacks and plug recep¬ 
tacles, and as in-series and between-
series adapters. 
Tru-Connector 
INFO/CARD #164 

Field-replaceable SMA 
connectors 
Coaxicom makes panel-mounted 

(flange), field-replaceable SMA connec¬ 
tors in a wide variety of configura¬ 
tions. These SMA-series types are 
made of stainless steel, in accordance 
with the requirements of MIL-C-83517-
and MIL-C-39012. The variety includes 
male and female versions, with flanges 
ranging from 0.375" square and 0.500" 
square, to 0.375" x 0.500" rectangular 
and the two-hole flange 0.223” x 
0.625". Field-replaceable TNC and N 
types are also available. 
Coaxial Components 
INFO/CARD #165 

SEMICONDUCTORS 

AGC amplifiers 
Qualcomm offers two automatic gain 

control (AGC) amplifiers designed 
specifically for dual-mode code-division, 
multiple-access, frequency modulation 
(CDMA-FM) cellular applications. The 
Q5500 (receive) and Q5505 (transmit) 
AGC amplifiers are designed to main¬ 
tain consistent power levels over 
changing distances between subscriber 
handsets and base stations and in the 
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presence of interference caused by mul¬ 
tipath fading, terrain topology and 
environmental conditions in a cellular 
network. Product specifications are 
compatible with the IS-95 standard for 
CDMA digital cellular communications. 
They are priced at $2.95 per device in 
1,000-piece quantities. 
Qualcomm 
INFO/CARD #166 

Low-voltage voice 
CODEC 

The ST5090 voice coder-decoder 
(CODEC), manufactured by SGS-
Thomson, is designed for digital cellu¬ 
lar and cordless telephone applications. 
The device operates on 3.3 V supplies 
and consumes 21 mW in operation 
while drawing only 0.5 pa at 3.3 V in 
standby. Inside the IC is a complete 
CODEC and filter system, including 
14-bit linear A/D and D/A converters, 
8-bit p-law or A-law companding A/D 
and D/A converters, transmit and 
receive bandpass filters and an active 
anti-alias noise filter. Additionally, the 
chip includes all other audio front-end 
functions needed in telephone termi¬ 
nal applications, including microphone 
selection switch and preamplifier, ear¬ 
piece driver, sidetone circuit, turn on-
off transient suppressor, ring-tone gen¬ 
erator and buzzer output. The unit is 
priced at $4.96 for SO-28 and $5.46 for 
TQFP 44 in 10,000-piece quantities. 
SGS-Thomson Microelectronics 
INFO/CARD #167 

Analog multiplexers 
The Maxim MAX4518 (4-channel) 

and MAX4519 (dual 2-channel) preci¬ 
sion analog multiplexer units offer 
1000 maximum on-resistance, fast 
switching (transition times < 250ns) 
and ESD protection in excess of 2,000 
V. They operate with a single supply of 
2.7 to 15 V or with dual supplies of 
±2.7 to ±8 V. Prices start at $1.15 in 
1,000-piece quantities. 
Maxim Integrated Products 
INFO/CARD #168 

Current-feedback 
operational amplifier 
The Comlinear CLC446 current¬ 

feedback operational amplifier operates 
at 50mW quiescent power, offers 400 
MHz bandwidth, a slew rate of 2,000 
V/ps and 900 ps rise and fall times. The 

unit is ideal for NTSC and PAL video 
switchers and routers and is priced at 
$1.95 in 1000-piece quantities. 
Comlinear 
INFO/CARD #169 

AMPLIFIERS 

Cellular multichannel 
feed-forward amplifier 
MPD Technologies linear multi¬ 

channel amplifiers for digital and ana¬ 
log cellular applications use feed¬ 
forward techniques to achieve ultra¬ 
linearity. The solid-state amplifiers 
operate over the 869-894 MHz band at 
35 W average output power. The 
amplifiers also feature 60 dB gain, a 
DC input of 22-27 VDC at 20 A, an 
IMD of 60 dBc and a size of 5.2 " x 
13.7" x 16.9". 
MPD Technologies 
INFO/CARD #170 

High-power linear 
amplifier 
A class A linear amplifier from 

Comtech minimizes spectral regrowth 
in digitally modulated communications 
networks. The ARD957128-200 oper¬ 
ates over the 950 to 1,425 MHz fre¬ 
quency band with linear output power 
of 200 W. Typical intermodulation dis¬ 
tortion products are -28 dBc. An inte¬ 
gral RS-422 interface for both control 
and remote monitoring is included. 
Comtech Microwave Products 
INFO/CARD #171 

Monolithic amplifiers 
Mini-Circuits offers two monolithic 

amplifiers in the DC-to-3,000 MHz fre¬ 
quency range. The ERA-3 is a drop-in 
unit typically delivering 20.2 dB gain 
with 1.7:1 VSWR at the input and 

66 

1.8:1 VSWR at the output. The ERA-
3SM is a surface-mount design with 
typically 19.4 dB gain and 1.8:1 VSWR 
at the input and 1.9:1 VSWR at the 
output. Their wide bandwidth elimi¬ 
nates the need for costly compensation 
networks and extra gain stages. The 
units are priced at $1.67 each for the 
ERA-3 and $1.72 each for the ERA-
3SM in quantities of 30. 
Mini-Circuits 
INFO-CARD #172 

Linear RF amplifiers 
Six linear hybrid amplifiers from 

Motorola include models MHL8015, 
MHL8018, MHL8115 and MHL8118, 
designed for linear applications in 500 
systems requiring wide bandwidth, low 
noise and low distortion. The other 
two, models MHL9125 and MHL9128, 
were designed for high-performance, 
cellular base-station applications. 
Bandwidth ranges are 40-1,000 MHz, 
50-1,000 MHz and 800-960 MHz. All 
units have supply voltages of 15 or 28 
VDC and output power ranging from 
400 mW to 1.3 W. Prices start at $52. 
Motorola Semiconductor 
INFO/CARD #173 

SIGNAL SOURCES 

Voltage-controlled 
oscillator 
Made by Mini-Circuits, model ZOS-

1025 is a voltage-controlled oscillator 
with 685-to-1025 MHz linear tuning, 
low phase noise of -92 Bc/Hz at 10 kHz 
offset and power output of 8 dBm. The 
dual output provides well-isolated 
ports, and the frequency settings are 
virtually independent of the load. The 
wide range of applications include fre¬ 
quency monitoring, PLL circuitry, labo¬ 
ratory use and a frequency source for 
burn-in, power test and other produc¬ 
tion testing. The ZOS-1025 is priced at 
$119.95 in quantities of 1-9. 
Mini-Circuits 
INFO/CARD #174 

Miniature TCXO 
Model XO3062 has been added to 

the PTI product line for applications 
including portable communications sys¬ 
tems, GPS receivers and other applica¬ 
tions that require a small unit with 
low power consumption. XO3062 is a 
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Here’s what happens 

when design engineers give us 

a little something to do. 

We help out in a big way. Because our large, very well-

funded R&D department has a 40-year history of doing 

things with ceramics that no one else thought possible. 

A few examples: The VCO, our miniature volt¬ 

age controlled oscillator, offers low power consumption 

and excellent temperature stability. The piezoelectric 

GYRO STAR1“ is 100 times more precise than other rate 

sensors, at a fraction of the cost. Our 3-element EMI Pi 

Chip Filter combines advanced ceramic technologies 

with a unique circuit configuration for outstanding 

noise suppression. 

Murata also developed the Surface Mount 

Ceramic Resonator, now available with built-in load 

capacitors. And, our miniaturized Ceramic Dielectric 

Monoblock Filter with self-shielded design suppresses RF 

leakage without compromising electrical performance. 

If you’re a design engineer with a big challenge, 

we’d love to hear about it. As history shows, the bigger 

you think, the smaller we get. 

For free technical manuals 

or more information, call 
1-800-831-9172, ext. 549. Evumator in Electronics 

©1996 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved. 
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RF DESIGN HANDBOOKS 
Collections of the most popular articles by RF Design Magazine 

#R-1 Oscillator Design Handbook 
You can benefit from the contributions of more than 20 top RF engineers as they 
share their expertise on oscillator theory, design and applications. Along with tradi¬ 
tional designs, this book includes some unique approaches not found anywhere else. 
80 pages . $25 + $5 shipping ($10 outside U.S.) 

#R-2 Filter Handbook: Volume 1 - Applications 
The best practical filter circuits from RF Design are collected in this book, allowing 

you to see how the best engineers solve their design problems. Essential informa¬ 
tion on active, passive, lumped element, microstrip, helical and SAW filters will 

help make your filter design tasks easier. 
80 pages . $25 + S5 shipping ($10 outside U.S.) 

#R-3 Filter Handbook: Volume 2 - Design 
Do you need to brush up on filter theory and analysis? This book offers fundamen¬ 
tal and advanced material on classic Butterworth, Chebyshev and elliptic filters, 
plus notes on filter implementation, including filter performance with real, not ideal 

components. Another highlight is a tutorial series on SAW filter basics. 
82 pages . $25 + $5 shipping ($10 outside U.S.) 

#R-4 RFI/EMI/EMC: A Designer’s Handbook 
The best design ■ for - compliance articles from RF Design and EMC Test & 
Design are collected in this practical handbook. Circuit board design, Part 15 tech¬ 

niques, ESD protection, filtering, bypassing and troubleshooting are among the 
featured topics. Notes on regulations and test methods are also included making 

#R-9 Low Noise Design Handbook 
Our newest handbook has amplifier design information that every RF engineer 
needs in his or her reference library. Design principles include noise, gain and 
matching fundamentals, along with advanced topics like broadband matching, 
component modeling and feedback. All this comes together in practical design 

examples for front-end, IF, instrumentation and medical applications. 

80 pages ,$25 + $5 shipping ($10 outside U.S.) 

Special Set Any Shipping Charge 
Domestic (Outside U.S.) 

#R-21 . 4. $70 . $5. ($25) 
#R-22 . 5. $85 . $6. ($28) 
#R-23 . 6. $100 . $7. ($30) 
#R-24 . 7. $115 . $8. ($34) 

#R-25 . 8. $130 . $9. ($36) 
#R-26 . 9. $145 . $10. ($38) 

- - - -
Book if Title Price 

this a well-rounded collection of EMC techniques. 
80 pages . $25 + $5 shipping ($10 outside U.S.) 

#R-5 Power Amplifier Handbook 
This book is loaded with practical circuits for power amplifiers operating from HF 
through L-band, from a few watts to over a kilowatt, with clear explanations of how 
these circuits were designed. Articles on high power couplers, combiners, biasing 
techniques and VSWR protection will help simplify the design of your next power 

amplifier system. 
80 pages . $25 + $5 shipping ($10 outside U.S.) 

Please add sales tax where applicable: 
CA-8.5%; CO-6.8%; FL-6%; GA-6%; 
IL-6.25%; KS-6.75%; MI-6%; MN-6.5%; 
MS-6%; NE-6.5%; NJ-6%; NY-8.25%; 
OH-5%; PA-6%; TN-8.25%; TX-6.25%; 
Canada-7%. 

If tax exempt, please give # 

Subtotal $ 

Shipping $ 

Tax$ 
(if applicable) 

Total $ 

Payment is required with order 

#R-6 Frequency Synthesis Handbook 
Phase locked loops and direct digital synthesis are the main focus of this hand¬ 
book, with articles ranging from Andy Przedpelski’s “PLL Primer" series to 

Payment $_ 
□ Personal Check □ MC/VISA □ AM EX 

advanced analytical techniques. Theoretical material is complemented by practical 

circuits and application notes on some of the latest synthesizer products. 
80 pages . $25 + $5 shipping ($10 outside U.S.) 

#R-7 Wireless Communications Handbook 
Engineering methods for the new wireless applications are highlighted in this 

collection from RF Design. Topics include spread spectrum systems, Part 15 
devices, digital modulation, demodulation, transmission, reception and signal 
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Foreign by above ONLY 
(No wire transfers or foreign checks accepted) 
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propagation. A special feature is a repeat of our popular tutorial series on 
Complex Modulation. 
80 pages . $25 + $5 shipping ($10 outside U.S.) 

Title_ 

Company_ 

#R-8 Test & Measurement Handbook 
This unique handbook covers general Rz test information, specific test procedures 

and circuits for test applications. Universal test topics like spectrum and network 
analysis, phase noise measurement and IDM testing are complemented with spe¬ 

cific notes on A/D converters, companders, crystals and more. A collection of test 
circuits includes isolators, detectors, frecuency standards and calibrators. 

80 pages . $25 + $5 shipping ($10 outside U.S.) 

Address_ 

City_ 

State/Zip_ 

Telephone _ Country_ 

SEND TO: Intertec Publishing Corporation • attn: Margaret Hawkins 
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high-performance, low-profile TCXO in 
a 1.05" X 0.69" x 0.22" surface-mount 
package. Models are available to cover 
frequencies between 16 and 75 MHz. 
The TCXO features ±0.75 ppm stability 
performance over -30° C to 70°C. The 
unit provides a sinewave output, and 
it is externally tuned. 
PTI 
INFO/CARD #175 

High-density OCXO 
Bliley offers a 10 MHz, oven-

controlled crystal oscillator. Model 
N26S features a 7.0 dBm output into 
500 at 1 to 10 MHz. Temperature sta¬ 
bility is ± 0.05 ppm maximum over 0° C 
to 50° C. It measures 2" x 2" x 1". 
Bliley Electric 
INFO/CARD #176 

Synthesizer 
The Vari-L PLL-400-2450 synthesiz¬ 

er spans 2,400-2,500 MHz in 1 MHz 
steps. The unit requires a 5 V supply, 
a 3-wire serial interface and a refer¬ 
ence oscillator input. The synthesizer 
is housed in a 0.6" x 0.6" x 0.138" 
surface-mount LCC package. 
Vari-L 
INFO/CARD #177 

installation with common soldering 
processes. The Tusonix filters are 
available in capacitance from 100 to 
5,000 pF, and they operate at voltages 
as high as 100 VDC and temperatures 
as high as 125° C. 
Tusonix 
INFO/CARD #179 

EMC 

ESD, overvoltage 
protection array 
Model SP723, an ESD-overvoltage 

protection array of 24 transistors in a 
silicon-controlled rectifier (SCR) con¬ 
figuration, replaces 12 discrete diodes 
to protect as many as six lines from 15 
kV discharges. Made by Harris, the 
SP723 offers full suppression to Level 4 
of the International Electromagnetic 
Capability 1000 Standard, IEC 1000-4-
2. Switching in less than 6 ns, the 
SP723 can handle 7 A of peak current 
and a single 100 ps peak transient 
pulse of ± 4 A. The array is priced at 
$1.10 in quantities of 1,000. 
Harris Semiconductor 
INFO/CARD #178 

SMT EMI filters 
The 0.315" x 0.083” 4700 SMT EMI 

it-filter comes in a square, sectional 
body that saves apees and allows easy 

Compact, portable 
wrist-strap monitor 
An important static control safe¬ 

guard that monitors both the worker 
and the worker’s wrist strap is avail¬ 
able from 3M. The 3M 721 wrist strap 
monitor immediately alerts the individ¬ 
ual when a wrist strap is malfunction¬ 
ing or is operating improperly. The 721 
monitor continuously emits a signal 
that is returned through a wrist strap 
and cord that contain two separate 
sets of independent conductors. The 
wrist strap monitor also checks the 
ground wire connection. The monitor 
is a compact, portable, battery-powered 
unit with a visual and audible alarm. 
The unit has a one-year battery. 
3M Electrical Specialties Division 
INFO/CARD #180 

EMC test site 
characterization 
A multipurpose EMC tool from Emco 

enables users to generate consistently 
repeatable electric and magnetic fields 
for characterizing EMC test sites. The 
model 4630 RefRad Reference Radiator 
consists of a portable, battery powered 
comb generator with removable trans¬ 
mit antennas, a remote control unit 
with GPIB interface, and Windows¬ 
based CalStan software for automatic 
data acquisition and documentation. 
The unit’s comb generator provides 
manually or remotely selectable har¬ 
monic frequency spacing of 10 kHz, 1 
MHz and 5 MHz over a range of 10 
kHz to 1 GHz. 
EMC Test Systems 
INFO/CARD #181 

RF Design 

THE RIGHT DIPLEXER? 
PERFORMANCE BY DESIGN 
MINIMUM INSERTION LOSS 

EXCELLENT CHANNEL 
TO CHANNEL ISOLATION 

DELIVERY & PRICE 

Hit Penny Technologies, Inc. 
IS Kingsland Ave. Brooklyn, N.Y. 11222 

Tel: (718) 782-4149 Fax: (718) 782-1001 

INFO/CARD 49 

RF POWER 
AMPLIFIERS 
2MHz to 2 GHz 
Modules 1 W to Jk^ 

Rack Mount Amplifiers to 2 kW 
Custom Designs 
Short lead times 

Broadcast/Comm./EW/Industrial/Medical 

Fixed/Portable/Mobile 

The RF People 

Silicon Valley 
POWER 

AMPLIFIERS 

115 Phelan Av., Unit 10, San Jose, CA 95112 

CALL 1-800-986-9700 
or fax 1-408-986-1438 

INFO/CARD 52 
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Rí software 
Planning, floor layout 
for indoor wireless system 
SMT Plus 1.0 from the Mobile and 

Portable Radio Research Group 
(MPRG) of Virginia Tech’s Bradley De¬ 
partment of Electrical Engineering is 
an indoor planning tool that allows the 
user to design and model indoor wire¬ 
less systems. 
SMT Plus displays signal strength 

and interference contours on building 
blueprints for arbitrary base station 
placements for any indoor wireless 
system. Features include all primary 
wireless standards; plus the means to 
implement any number of custom stan¬ 
dards; a capability for an unlimited 
number and type of base stations and 
interference sources inside or outside 
one or more buildings; simultaneous 
modeling of single-floor, multifloor and 
building penetration; rapid statistical 
coverage prediction methods valid at all 
frequency ranges and for all standards; 
and point-and-click access to all 
commands. 
MPRG’s interactive SiteBuilder 1.0 

toolkit eliminates the difficuEy of ac¬ 
quiring and establishing the site¬ 
specific databases used by SMT Plus by 
assisting in the creation of formatted 
building floor plans. Sitebuilder can re¬ 
format an existing SMT Plus building 
floor plan, format an existing building 
floor plan given to each floor of the 
building as a separate CAD drawing; 
format an existing building floor plan 
given the entire building; use a scanned 
image or blueprint of a building to 
create a formatted floor plan; or draw a 
formatted building floor plan from 
scratch. Both SMT Plus and Sitebuilder 
1.0 are available for DOS, Windows 3.X, 
Windows NT and a variety of UNIX 
platforms. 
Virginia Polytechnic Institute 
INFO CARD #182 

Extraction modules 
in modeling software 
Hewlett-Packard Integrated Circuit 

Characterization and Analysis Program 
(IC-CAP) Version 4.5 includes extrac¬ 
tion modules for two key metal-oxide 
semiconductor, field-effect transistor 
(MOSFET) models. The new extraction 
module for the Philips MOS Model 9 is 
now available, and the existing extrac¬ 
tion module for the University of Cali¬ 
fornia at Berkeley Short-Channel 
Insulated Gate FET Model (BSIM) has 
been updated to Version 3. IC-CAP 4.5 

also includes new instrument control 
capabilities. BSIM3 Extraction Module 
now has a single equation for current 
and voltage through all operating re¬ 
gions of the device. 
IC-CAP 4.5 also includes new instru¬ 

ment control capabilities. An instru¬ 
ment driver for the HP 54720 Modular 
Real-Time Oscilloscope has been added 
to the Time Domain Driver module, as 
well as drivers to support the HP 
85124A Pulsed Modeling System. 
Hewlett-Packard 
INFO/CARD #183 

Field simulation linked 
with electronic design 

Ansoft’s Maxwell SI Spicelink Ver¬ 
sion 3.0, a software package for skin ef¬ 
fect and dispersion analysis, bridges the 
gap between electromagnetic simula¬ 
tion and electronic design. The software 
combines the accuracy of electromag¬ 
netic field solutions with the flexibility 
of SPICE. The software addresses 
signal integrity and crosstalk, parasitic 
parameters, power and ground plane 
placement and electromigration. It has 
capabilities for electromagnetic anal¬ 
ysis of interconnect structures, in¬ 
cluding 3D modeling of package and die 
interconnects, connectors, bus struc¬ 
tures and semiconductor metallization. 
Electromagnetic solvers generate cir¬ 
cuit models of physical interconnects 
and then link these models to conven¬ 
tional SPICE circuit simulation. The 
software combines the modeling accu¬ 
racy of the finite element method (FEM) 
and the efficiency of transient simula¬ 
tion with reduced-order models. Inter¬ 
faces to Unigraphics, ProEngineer and 
other packages are provided through 
stereolithography files. 
Ansoft SI Products 
INFO/CARD #184 

Search FAQ on Internet 
Design engineers can locate EE infor¬ 

mation for free with Electronics Search 
FAQ Version 4.0 on the World Wide 
Web. FAQ is Internet jargon for “fre¬ 
quently asked questions,” and the 
downloadable software guides users to 
libraries, bookstores, other engineering 
web sites, integrated circuit-specific re¬ 
sources, news-and-information sites 
and publications important for design 
engineers. Search FAQ interfaces to the 
search engine EE Hunter. 
Eg3 Communications 
INFO/CARD #185 

RF literature 
Catalog selector guide 
details crystal oscillator 
Champion Technologies recently re¬ 

leased a new product catalog and selec¬ 
tion guide for crystal oscillators. The 
catalog includes technical information 
and specifications on the company’s line 
of VCXOs, TCXOs, VCTCXOs, data 
clocks and related products. Included is 
a selection guide and technical informa¬ 
tion such as a definition-of- terms sec¬ 
tion, noise definitions and product 
definitions. 
Champion Technologies 
INFO/CARD #186 

Product selector, device 
data book updated 

Motorola has released two new pieces 
of technical literature for RF products. 
Included are the latest products of Mo¬ 
torola Phoenix, Toulouse (France) and 
Hong Kong. The catalogs include power 
FETs; power bipolars; small- signal, 
monolithic ICs; and power amplifiers. 
Application literature and case dimen¬ 
sions are included. 
Motorola 
INFO/CARD #187 

Brochure lists 
wireless comm products 

Philips Semiconductors has pub¬ 
lished a new brochure of wireless com¬ 
munications products. The brochure 
integrates Philips’ wireless product 
portfolio into a single document. In¬ 
cluded in the brochure are product spec¬ 
ifications and block diagrams. Sections 
are arranged by application. 
Philips Semiconductors 
INFO/CARD #188 

Components report focuses 
on European market 
A report detailing the European mi¬ 

crowave components industry has been 
released by Miller Freeman. It contains 
detailed information about the tech¬ 
nology and market trends expected to af¬ 
fect the industry during the next five 
years. The report defines the technology 
and discusses aspects of the European 
market, its relation to the global econ¬ 
omy and the market’s strengths and 
weaknesses. It analyzes trends and pre¬ 
sents data in tabular and chart formats, 
allowing for easy comparison of prod¬ 
ucts, markets, applications and locality. 
Miller Freeman Technical 
INFO/CARD #189 
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WHEN IT COMES TO MICROMINIATURE 
CONNECTORS, WE STAND PRETTY TALL. 
Surface 

TM Infprconnect System I Utilized in wireless applications including cellular, PCN, GPS and personal data 
Mount Coaxial Connectors | communications, DC-6 GHz. 

Straight SMT PCB Mount Plug Receptacles 
Part Quantity Pricing 
Number 10 Pcs. Each 
2367-5006-54 $2.50 

Part 
Number 
2381-2241-00 
2382-2241-00 

SMA to OSMT 
Between Series Adapters 

Quantity Pricing 
10 Pcs. Each 
$55.44 Plug/Plug 
$57.75 Plug/Jack 

Right Angle Jack to Jack Cable Assembly 
Part 
Number 
PVC Flexible 
Cable (105’C) 
9950-1100-23 
9950-1200-23 
9950-1305-23 

Cable Length' 
mm/inches 

Quantity Pricing 
10 Pcs. Each 

100/4 
200/8 
305/12 

$7.00 
$7.00 
$7.00 

1 Consult Penstock for non-standard cattle lengths. Cable length tolerance: 
50-2000mm:±(2mm + 1% of cable length) 

Part 
Number 
PVC Flexible 
Cable (105°C) 
9950-2100-23 
9950-2200-23 
9950-2305-23 

Right Angle Jack Cable 

Cable Length' 
mm/inches 

Pigtail 
Quantity Pricing 
10 Pcs. Each 

100/4 
200/8 
305/12 

$3.50 
$3.50 
$3.50 

1 Consult Penstock for non-standard cable lengths. Cable length tolerance: 
50-2000mm t (2mm + 1% of cable length) 

ror wireless applications including GPS, cellular, PCN, 
test and measurement and data 
communications, DC-6 GHz. 

OSMT is a trademark of M/A-COM, Inc. 

Crimp Attachment Straight Cable Plug 
Non-Captured Center Contact 
Part 
Number 
5831-5003-10 

Cable 
RG-174/U, 179/U, 
187/U, 188/U, 316/U 

Quantity Pricing 
10 Pcs. Each 
$3.45 

Crimp Attachment Right Angle Cable Plug 
5837-5003-10 RG-188/U, 316/U, 

RG-174/U, RG-179/U, 
RG-187/U 

Crimp Attachment Bulkhead Cable Jack 
5834-7388-10 RG-174/U, RG-179/U, 

RG-187/U, RG-188/U, RG-316/U 

Surface Mount 
Straight Jack 
Receptacle' 
Part 
Number 
5862-5007-13 

Quantity Pricing 
10 Pcs. Each 
$2.00 'Available in tape and reel format. 

$2.35 

$5.00 

Printed Circuit Board Straight Jack Receptacle 
Part 
Number 
5862-5003-10 

Quantity Pricing 
10 Pcs. Each 
$1.50 

Printed Circuit Board Right Angle Jack Receptacle 
5864-5001-10 $5.90 

THESE M/A-COM 
PRODUCTS AND 10,000 
OTHERS IN STOCK AND 
READY FOR 
IMMEDIATE 
DELIVERY. 

Surface Mount Rt. Angle Jack Receptacle1
5864-5008-13 $7.25 
Bulkhead Feedthrough Jack Receptacle 

'Available in tape and reel format. 

5858-0000-10 $3.00 

Printed Circuit Board Straight End Launch 

5862-5018-13 $6.50 

Between Series Adapters 
Part 
Number 
5881-2241-00 

5882-2241-00 

Description 
OSX Plug 
to SMA Plug 
OSX Jack 
to SMA Plug 

Quantity Pricing 
10 Pcs. Each 
$52.80 

$44.00 

PENSTOCK 
Penstock is an Avnet Company 

CALL 1-800-PENST0CK 
(1-800-736-7862) 

In northern California, contact us at 1-408-745-8100. 
And in Canada, call 1-613-592-6088. 

“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM” 

INFO/CARD 50 



RF Literature/Product Showcase 9 
RF POWER AMPLIFIERS 

1 MHz-2GHz 1W-1KW 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 

Thin Rectangular Format 
Solder/Pressure Contact 

a - Customized Capacity 

Nonlinear RF and digital simulation with fast 
spectrum analysis. Call now for a free 30-day trial. 

800-631 -1113 http://www.tesoft.com 

TESOFT Inc. 770-751-9785 Fax770-664-581 7 
PO Box 305 Roswell GA 30077 

RF POWER AMPLIFIERS 

651 Via Alondra, #712 
Camarillo, CA 90312 USA 

TEL: (805) 388-8454 
FAX: (805) 389-5393 

•A. 8. C, Sizes 
4 «3 and 6 Volts 

• Lightweight 
TGOULO 
'SMB. '-‘BMAimcs 

Gould Electronics Inc., Powerdex’ Division 
34099 Melinz Pkwy., Eastlake, Ohio 44095-4055 
216-918-6100 800-722-7890 Fax: 216-918-6031 

INFO/CARD 100 INFO/CARD 101 

Congratulations Jake! 
You found the perfect Signal Generator! 

INFO/CARD 102 

/- - ' 
Philips Soft Ferrites WIREWOUND 

CHIP $795 
Quantity I 
Made in USA 

Ideal for Wireless Products 

Features: 
• DC-20 MHz, .1Hz steps 
• Fully synthesized 
• 10 Setup save/recall 
Modes: 
• Sinewave 
• Int/Ext AM 
• Int/Ext FM 
• Int/Ext PM 
• Int/Ext SSB 
• Int/Ext BPSK 

• DC offset 
• RS232 remote Ctrl 
• Field upgradable 

-n- 1008 & 0805 Models 1' ¿¡F 

-J“1- High Q & Self Resonant Frequency 

S-Parameters data on disk 

• Linear/Log Sweep 
• Int/Ext FSK 
• Burst 
• DTMF Generation 
• DTMF Detection 
• Power Level Meas 

Telulex Inc. 2455 Old Middlefield Way S 
Mountain View, Ca. 94043 
Tel: (415) 938-0240 Fax: (415) 938-0241 
^http://www.telulex.com 

Philips has pioneered 
the use of on-board 
ferrites for EMI/RFI 
suppression. Eastern 

Components, Inc. 
carries the most 
extensive line of EMI/ 

RFI products from 
Philips. For your free 
copy of Philips' 
guide to Wide-band 
Chokes, call Eastern 
Components, Inc. at: (800) 223-3850. 

INFO/CARD 103 

USA • Tel: 619 674 8100 • FAX: 619 674 8262 
Europe • Tel: 353 93 24107 • FAX: 353 93 24459 

Asia • Tel: 65 741 5277 • FAX: 65 741 3013 
World Wide Web • http://www.pulseeng.com 

Eastern Components, Inc. 
11 Union Hill Road 

West Conshohocken, PA 19428 
(800) 223-3850 

Boston (800) 642-0518 • Philadelphia (800) 223-3850 

Chicago (800) 862-1640 • Los Angeles (800) 824-8596 

INFO/CARD 104 INFO/CARD 105 
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SysCalc 3. 1 for Windows LOW COST 
Organize system block 
diagrams into subsys¬ 
tems using unique 
NoteBook metaphor. 
Drag and drop block 
icons from the ToolBar 
View Noise figure and 
intermodulation "bottle¬ 
necks" displayed on a 
block-by-block basis. 
Specify BER require¬ 
ments for various mod¬ 
ulation schemes (BPSK, 
QPSK, PI/4 DQPSK, 
DPSK, FSK, OOK, MSK). 
Do "what if scenarios 

instantly 

I HMTEllTÍLnLW 
FREQUENCY SOURCES 

CRYSTAL OSCILLATOR-MULTIPLIER 

/ MODEL VSA - $195.00 .01 bhzto 1.0 bhz 
/ MODEL USA - $245.00 1.0 bhz to 1.1 bhi 
/ MODEL SSA - $295.00 1.1 bhzto 4.2 bhz 

nnlv C9AQQÖ http://www.inmind.com/ati 
for a fully functional demo 

Arden Technologies, Inc. 
PO Box 286 • Forest, VA 24551 

Voice 804-525-6837 Fax 804-525-5376 
e-mail: arden@inmind.com 

INFO/CARD 107 

RF OUTPUT: +8dBm min., at any spot frequency 
in above ranges 

FREQ. STABILITY: t30ppm, -20'c to +60 c 

B+: + 12 to + 16 VDC 

5350 Kazuko Court, Moorpark, CA 93021 

VmillldllLU (805) 523-2390 FAX (805) 523-0065 

INFO/CARD 108 
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RF marketplace 
Classified display ads are available at $125 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 303-220-4288. Or fax your ad copy for a rate quote to: 
(303) 793-0454. 

Reer Opportunities 
1 

RF ENGINEERS 
Aztech Recruitment provides recruiting services to technical clients mainly in the West 
& South West, but also to other parts of the US, Canada, Europe & the Pacific. We 
charge no hiring fees to either applicants or employers. If you have a BS/MS/AA degree 
with relevant experience then mail/fax us your resume with salary indicator. 

GPS ENGINEERS/ANALYSTS 

A small designer/manufacturer of non-military, real-time, precision GPS systems which 
is in rapid growth mode, seeks experienced RF and Software Engineers and an R&D 
Analyst for current and future projects. 
Sr, RF Design Engineer • to work on all aspects of projects in a small team, designing 
leading edge receivers/antennas, supervise installations and troubleshoot problems. 
BS/MSEE and 5+ years RF design experience, using SPICE, Touchstone and NEC. LNA, 
downconverter and microstrip design, antenna theory/design, EMI/EMC, digital syn¬ 
thesizers, BPSK/QPSK demodulators, L-Band/C-Band satellite experience ideal. 
GPS Soltware/Svstems Designer - to lead software development of GPS engine, modi¬ 
fying existing algorithms/code for low-level tracking & control loops. BS/MS/Ph.D. 
and strong GPS experience: Plessey chipset, ARM-60 processors, C/assembly, MATLAB, 
Simulink, Vis-Sim, TK-Solver and MathCad all assets. 
R&D Analyst - to work on various projects, one on channel protocol design, another on 
algorithm development for GPS receivers. BS/MS/Ph.D. plus good communications/ 
GPS related analysis/simulation experience. Correlation, FFT, statistics, systems identi¬ 
fication and/or data compression are all assets, as is C coding on PC's. 

_ ...YOUR CAREER 
Mgr. Component Products: Responsible for P4L of 30mm component business providing 

RF/MW product modules to the wireless communications industry. 

Product Marketing Manager: Lead the technical marketing effort for the Wireless Communi¬ 
cations Group; develop business/marketing plans, manage customer relationships, perform 
market analysis, develop sales/marketing material 

Wireless Engineers: RF Design Engineers: Design of Si RF Io s for Wireless Communication 

applications (AMPS. DAMPS. GSM, DECT, POS). Si RF ixc design experience in the 300-2400 
MHz; fast RF PLL synthesizer design experience; RF receiver/transmitter/design experience 
using Si Bipolar and MOS technologies 

Baseband Analog Circuit Design: Baseband analog circuit designers for cordless telephony 
systems at 900 MHz and 46/49 MHz. BSEE 5 yrs. 

RF Microwave Test Engineers: Develop and refine automated RF/Microwave test methodologies for product charac-
terization, production test, system test and FCC Certification. BSEE._ 

Regional Field Sales: Aggressive individuals to create and serve new accounts. Positions are located throughout the 
U.S A An engineer who wants to enter sales world is acceptable Base salary, commission and car. BSEE 

RF/Analog Hardware Design: Develop state of the art cordless telephony systems at 900 MHz and 46/49 MHz. Experi¬ 
ence with synthesizers. LNA. mixers. IF receivers, transmitter circuit. Power amplifiers and receiver designs BS/MS 
5 plus years. 

Sr. Project Antenna Design: Lead the conception, design and development of a wide variety of antennas and antenna 
systems, including both reflector and array systems using microstrip, stripline and waveguide technologies BS/MS 
with 5 years experience. 

RF/POWER SUPPLY DESIGNERS 

For and expanding Rocky Mountain company, the technical leader in hi-rel plasma, ion 
and magnetron power processors for the semiconductor/thin film industries. They seek 
experienced engineers to design RF generators, solid state amplifiers and matching 
networks; or in high power DC/low frequency AC output SMPS design (30kw-200ks 
range): or medium power DC SMPS design (300w-10kw range). Candidates require 
BS/MSEE andaminimumof5 years relevant design experience, with strong RF skills, 
knowledge of regulations (UL. VOE. CSA. etc.) and expertise in magnetic, EMI and 
control loop designs. 

RF Design Manager: Lead a team of RF engineers from initial design and implementation through product integra¬ 
tion and testing into high volume production. 8+ years of RF design with emphasis on low cost radio design BS/MS 

Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products. Circuits to be designed 
include: power amplifiers, LNAs, mixers. IF amplifiers, buffer amplifiers RF frequencies are 900 and 1800 MHz 

Product Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing rev¬ 
enue and price objectives, setting internal cost targets and oversight of internal product realization schedules 

RF PA Engineers: Requires 3+ years experience in design, test and manufacturing of high efficiency GaAS MESET 
and HBT class A and C power Amplifiers (c2watts) in the frequency range (-2GHz). Experience in both discrete and 
MMIC design a plus. 

Sr. Analog IC Designers: Responsible for conceptual circuit design and developing new analog/mixed signal ic s. 
BS/MS experience in A/D D/A, ASIC's bipolar and BIMOS 

Filter Design Engineer: Development of microwave high ’Q' coaxial cavity and machine fitter designs tor PCS base 
stations. BS/MS familiar with simulation and modeling tools, three plus years filter design 
experience with direct *Q' designs (6-8000 O's) 

Applications Engineer: 5 years of directly relevant RF/MW engineering applications and 
measurement techniques. Strong presentation and instructor skills; must be able to 
communicate effectively with individuals and groups of all levels of technical expertise and 
experience 

A  4131 N. 2. 
4^71 cm Call (602) 

I Wl Email: aztt 

41 31 N. 24th Street, Suite A1 16 • Phoenix, AZ 8501 6 
955-8080 or Fax (602) 955-9639 

Recruitment Co. 
aztechigamug.org 

Web Site at: http//:www.azrecruit.com 

17 j j : i 
STATES 

» California 
» Arizona 
» Oregon 

F Colorado 
» Texas 
» Washington 

RF-Wireless Communication 
Digital Cellular; Cordless PCN 
DSP: Video, Audio, Multimedia 
Custom VLSI Design-CMOS 

IC Design: Digital, Analog, Mixed Signal 
ASIC/FPGA Design (VHDL, XILINX) 

ROBERT MILLER & ASSOCIATES 
5860 Oberlin Drive #310« San Diego, CA 92121 

PH: 619-566-4325 
FAX: 619-566-4376 

email: millerasc@aol.com 

RF Design 

RF Systems Design: RF system design for low cost battery operated systems, 
battery powered systems, including receiver and transmitters system planning, analy¬ 
sis and simulation using CAD tools Experience with CDMA/TDMA BSEE 

I D COMMUNICATIONS 
■II HI I EXECUTIVE SEARCH 

We specialize in the placement of wireless, RF, microwave communications nationally. 

FOR THESE AND OTHER OPENINGS 800 Turnpike St. • North Andover. MA 08145 
CALL COLLECT: TEL: 508-685-2272 E-mail; micsearch@aol.com FAX: 508-794-J0BS 

COI 
CDI Telecommunications is part of 
a large public corporation (NYSE) 
serving customers nationwide. 

We are seeking experienced personnel 
for the following positions: 

CELLULAR & PCS 

Program Managers Real Estate Specialists 
RF Engineers Technicians 

Network Engineers Installers 

Call: (800) 669-1890 ext. 396 
or Fax resume to: 

CDI Telecommunications, Inc. 
800-875-1904 

P.O. Box 4056 Dept. RFD 
Scottsdale, AZ 85261-4056 

E.O.E. 

YOUR 
RECRUITMENT 

EFFORT 
SHOULD START 

HERE 
Go with one of the nation's most 

established search firms, the leader in the 
Wireless Industry. We have earned the 

respect of America's Wireless 
organizations through a reputation built on 

experience, integrity and results. 
Let F-O-R-T-U-N-E work for you. 

800.875.2230 

4Kp-o-r-t-u-n-e 
Communications Group 

Div. of Fortune Personnel Consultants 
18552 MacArthur Blvd. #345 

Irvine, CA 9271 5 
Fax: 71 4.250.8535 
Fax: 71 4.250.8046 
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Be a Part of the 
Communications Connection 
Rockwell has been the leader in wireline communications devices for over 15 years, with worldwide data and facsimile modem 

market share of almost 75%. But we’re not stopping there. 

Tomorrow’s technologies in personal communications are being developed today at Rockwell. Our products are shaping 

the way people communicate, whether in the home, office or on the move. 

Our advanced semiconductor systems development efforts are supported by our new 200mm 

wafer fabrication facility and other state-of-the-art tools. But what keeps us moving forward 

is the outstanding talent of the people at Rockwell. You could be a part of our team. 

We offer an excellent compensation and benefits package, as well as a 

relocation program tailored to suit your needs. We’re located in Newport Beach, 

California, just minutes from a major airport, universities, a performing arts 

center, miles of beautiful beaches and lots of sunshine. 

RF ENGINEER_ 
Tegal Corporation is a worldwide leader in the development and manufacture of plasma etch 
systems for the semiconductor industry and winner of Semiconductor International's 1994 
Editor's Choice for Best Product. Tegal is located just north of San Francisco in beautiful 
Petaluma, CA. 

This position is responsible for all aspects of the RF system - including design, development 
modification impedance metering and evaluation of parts and components. 

Qualified candidates will have a BSEE degree with 3-5 years equipment/circuitry experience. 
Previous related RF communications or semiconductor industry experience preferred. Dem¬ 
onstrated competence in all functional areas is a must. 

Tegal offers excellent working conditions. This is an excellent opportunity for the right candi¬ 
date to join a challenging, prog'essive and innovative company. For consideration, please 
send your resume along with salary history to: Tegal Corporation, Attn: PJL, P.O. Box 6020, 
Petaluma, CA 94953-6020. Fax (707) 765-9311 . E-mail: plucido@aol.com. We are an Equal 
Opportunity Employer. 

EMPLOYMENT 
OPPORTUNITY 

RF design position in Holmdel, New 
Jersey. 

Experience in cellular telephony base 
station frequency range (900-1900 
MHz) required. 

Respond to headquarters at: ROWE 
Engineering, 620 South Clinton 
Avenue, Rochester, New York 14620. 

MIDWEST OPENINGS I HAVE 30 YEARS EXPERIENCE YOUR FUTURE STARTS NOW! 

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 
BS/MS, 2-8+ yrs. experience. base-bandto3.0Ghz, inany of the 
following: Receivers. Transmitters, Power Amplifiers. Synthe¬ 
sizers. Spread Spectrum. RF ASIC/MMIC Design, Modems. 
Communications DSP Reply with assured confidentiality to: 

Don C. Gallagher 
Gallagher & Associates 

2033 McCoy Road, Suite 206, Sun Prärie, Mil 53596 
(608) 837-5647 Fax (608) 837-6096 

Review many of our engineering openings on the Web at: 
http://www. midwestcareers, com 

As a Nationwide RF Specialist, Microwave, Amplifiers, 
Transmitters. Receivers, Synthesizers, Filters, NMIC, 
L-Band, KU-Band, Satellites, Antennas, Audio, Video, 
Telecomm. CATV, Wireless. VHF, UHF, Radio. Commercial 
or military Communications. 

Call, Fax, Mail Resume to: Bill Elias, Dept. RF 
P.O. Box 396, East Brunswick, NJ 08816 
Phone: 908-390-4600 Fax: 908-390-9769 

ELIAS ASSOCIATES 
Annually A National Award Winning Search Firm 

KEY CAREER OPPORTUNITIES FOR QUALIFIED 
R.E ENGINEERS. NETWORK ENGINEERS 

SYSTEMS ENGINEERS, TECHNICAL MANAGERS 

MIXTEC GROUP 
LEADERS IN EXECUTIVE SEARCH 

Phone:(619)773-0717 • Fax:(619) 862-9207 
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Talk to Us About the Future 
of Wireless and Multimedia Communications 
If you are qualified in one of these areas and would like to help create tomorrow’s technology, contact us! *1* Rockwell 

RF Systems Analysis and Design 
RF IC Design 

Mixed Signal VLSI IC Design 
VLSI CAE Engineers 
Full-Custom Digital VLSI Design 
Audio/Video/Speech Signal Processing 
Bi Polar/Bi CMOS Process Development 
Device Validation Engineer 
Controller Firmware Engineer 

Engineering 
Systems Software Engineer 

Hardware/Software/Firmware Development 
Windows Driver Development 
Communication Systems Analysis 
Systems Integration and Test 
Wireless Systems Analysts 
Wireless Systems Architects 
UNIX Systems Administrators 

Marketing 
Product Marketing Managers 

Business/Technology 
Development Managers 

Product Applications Engineers 

GPS Applications Engineers 

Manufacturing 
Process Engineers 

Equipment Support 

Test Engineers 

SAP Team Leader 

SAP Configurators 

SAP ABAP Coders 

Data Modems Fax Modems Voice/Audio Cellular GPS Navigation 

To contact us: Fax Hotline (714) 221-6092 ■ Mailing Address Staffing Department, RFD0796 • Rockwell Semiconductor Systems 
Rockwell is an equal opportunity employer PO Box C • 431 1 Jamboree Road • Newport Beach, CA 92658-8902 

Roclmell Semiconductor Systems 

Modems ■ Multimedia ■ Wireless Visit us on the World Wide Web at http://www.nb.rockwell.com/ 

Career Networks 
Recruiters for the Wireless 
& Telecom Industries 

800-JOB LINK 
Specializing in Sales, Marketing, 
Technical, Engineering, Operations 

& Executive Placements 

Join The PCS Revolution! 
Join the world's leading companies with Teleconsult Teleconsult Inc., is an estab¬ 
lished international engineering company and has been providing services to its For¬ 
tune 500 clients for over 25 years. Great compensation and career opportunities 
available immediately for experienced wireless professionals (2+yrs exp.). 

Domestic & International Positions 
Permanent and Contract 

CELLULAR - PCS - GSM 

% 
Gables One Tower, Suite 801 

1320 S. Dixie Highway 
Coral Gables, FL. 33146 

ioblink@aol.com 

Fax Resume to (800) JOB-FAXX 

• RF Engineers 
• Systems Engineers 
• Switch Engineers 
• Design Engineers 

• Interconnect Engineers 
• RF Technicians 
• Network/Traffic Engineers 
• Program Managers/Directors 

Send confidential resume to: 
Director - Wireless • Fax: (202) 337-7534 

Email: 7222652@mcimail.com 

TBleransult 
PCS/PCN/CELLULAR/CDPD 

RF/HW/SW/FW/DSP 
Terminals/Systems 

Teleconsult, Inc. 27I5 M. Street, N.W., • Washington, DC 20007 

ITZPñTRlCn & ASSOCIATES 
® 16540 East Ashbrook Dr. • Fountain Hills, AZ 85268-2832 

E-Mail: FITZPAT@ix.netcom.com 
FAX: (602) 956-7644 

Your Advertising Dollars! Call Terri Stenson Today! 
303-220-4288 • FAX 303-793-0454 
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Peregrine's UTSi technology 
offers microwave speeds, 
inherent isolation, and the 
economy of CMOS. Join us 
as we grow to become a 
leading manufacturer of 
high-performance wireless 
communications ICs. 
Compensation packages 
include early-stage equity 
participation. Positions are 
open in the San Jose and San 
Diego offices. 

Senior RF IC Design Engineer (San Jose) 
BSEE or MSEE and seven years experience. Skills 
in the development of highly integrated func¬ 
tions including amplifiers, mixers, and VCOs. 
Understanding of matching techniques, radi¬ 
ated coupling issues, design techniques from 
DC to 2.5 GHz. Experience with cellular com¬ 
munications, RF test and measurement. 

Analog IC Design Engineer (San Jose) 
BSEE or MSEE with four years experience. 
Experience with CMOS PLLs, high-speed 
mixed-signal IC circuit design, and converters 
(ADCs, DACs). SPICE simulation and modeling. 

Senior RF Test Engineer (San Jose) 
Five years experience. Knowledge of RF IC test¬ 
ing methods. Experience with 800 MHz to 2.5 
GHz UNIX script, C, Pascal. BSEE preferred. 

Sr. RF Field Apps. Engineer (San Diego) 
BSEE or MSEE with five years experience in PLL 
and prescaler IC applications and design. Un¬ 
derstanding of communication systems theory. 
Familiarity with radio architectures. 

RF Lab Engineer (San Diego) 
Five to seven years experience in hardware 
laboratory environment. Experience in build¬ 
ing electronic boards and fixtures, RF and elec¬ 
tronic testing. BSEE preferred. 

Send résumé attention: MS 242-8 

Fax: 619-523-2655 

E-Mail: jobs@peregrine-semi.com 

Peregrine Semiconductor Corp. 
_ 2909 Cañon Street, San Diego, CA 92106_ 
300 Orchard City Drive, Suite 142, Campbell, CA 95008 

ELECTRICAL ENGINEER_ 
WITH RF BACKGROUND 

Exciting opportunity for qualified EE to work with the 
leader in electronic dog training devices located in 
sunny Tucson, AZ. Experienced in RF design; strong 
analog and digital circuit design required. Concep¬ 
tual design through integration and test of advanced 
digital remote control equipment. Excellent documen¬ 
tation review skills, communication skills; competent 
at all levels of product development. Must be able to 
work with people of varying technical backgrounds 
as well as to work independently. 

Competitive salary and comprehensive benefits 
package. Qualified candidates should send resume 
and salary requirements to: Tri-Tronics, Inc., HR Dept., 
PO Box 17660, Tucson, AZ 8573 1 or fax us at: 
(520) 290-0894. 

tri-tronics® 
Making it easier 
for dogs to learn. 

ENGINEERS-RF 

NO OTHER COMPANY 
IN THE WORLD HAS 
DESIGNED SO MANY 

Antenna Engineer 
Senior Antenna Engineer 

As the world's largest engineering firm in the wireless communica¬ 
tions industry, LCC has designed and optimized more cellular systems 
than any other company on the globe. For over 14 years and through¬ 
out 50 countries, LCCs engineering teams have empowered people with 
no limits in communications and career growth opportunities. 

As part of our global expansion and commitment to providing wire¬ 
less communication solutions to our planet, LCC has several engineer¬ 
ing openings throughout the U.S. and other countries. Applicants must 
have a degree in Electrical Engineering and cellular system design 
experience with any wireless technology such as AMPS/GSM/TDMA or 
CDMA. 

If you are a qualified candidate and have the desire and talent to 
shape the future in communications as well as your professional career, 
send your resume to LCC, LLC., 2111 Wilson Blvd., Suite 1200, Dept. 
RF0796, Arlington, VA 22201 for immediate consideration. 

LCC provides excellent salary, bonus and employee 
benefits including Visa processing assistance. 

Join the LCC team. Fax your resume to (703) 358-
8896 or e-mail to Miguel_Zurita@smtp_gw.lccinc.com. 
EOE. 

Responsible for design of new antenna 
systems and the modification of current 
products for new requirements in the 
Broadcast, Land-Mobile Commun¬ 
ications, Cellular, and PCS fields. The 
position requires a BSEE (MSEE and 
graduate level antenna courses preferred) 
with a minimum of 3 years experience in 
antenna design. Practical experience in 
the electric and mechanical design of 
antennas for commercial applications is 
required, and specific experience with 
UHF or L-Band frequency antennas is 
desirable. Good interpersonal commun¬ 
ication skills are expected in order to 
facilitate the passage of designs through 
Documentation and Production. A 
working knowledge of RF/microwave 
software is a plus. Position and salary is 
commensurate with experience. 

For immediate consideration, mail or FAX 
your resume and cover letter to: Human 
Resources Manager, Scala Electronic 
Corporation, PO Box 4580, Medford, OR 
97501. FAX: (541) 779-3991. EOE. 

SEARCHING 
FORA 

CAREER? 

TRYING 
TO FILL 

A POSITION? 

USE THE 
RF DESIGN 

MARKETPLACE! 

CONTACT 
TERRI 

STENSON 
TO PLACE 

AN AD TODAY! 
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SCALA 
PROFESSIONAL ANTENNA SYSTEMS FOR 
BROADCAST AND COMMUMCAJ1ONS 

303-220-4288 
FAX: 

303-793-0454 
\ .______ 
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career Opportunities 

CRYSTAL 
AND 

OSCILLATOR 

ENGINEERS 
>■ Crystal Design and Process Engineers 

Experience in the design and 
manufacture of AT cut resonators 
required. Strip or inverted mesa 
resonator experience a plus. 

>• Crystal Oscillator Engineers 
Experience in the design and 
manufacture of TCXO's and VCXO's 
required. Hybrid design and 
manufacturing experience a plus. 

Hy-Q International is a worldwide 
manufacturer of frequency control 
products. If you are an experienced 
engineer looking for the opportunity 
to use all of your talents, then we 
would like to talk with you. 

Please send your resume, with salary 
requirement to: 

Hy-Q International (USA), Inc. 
James Buchanan 
1438 Cox Ave. 
Erlanger, KY 41018 

WE ARE AN EQUAL OPPORTUNITY EMPLOYER 

, - 7--
e're Taking 
Telecommunicatio 
To The Next Level. 

ENGINEERING 
- OPPORTUNITIES“ 
Nationwide positions available for 

Engineering, R & D and Management 

candidates with our Communications 

Clients in Venture Capitol to Fortune 

100 corporations. 

Reply confidentially to: 

EXECUTIVE SEARCH NETWORK 
716 E. Milner St. ■ Dept. RF3 
Arlington Heights, IL 60004 

Fax (847) 394-1841 / 1891 (alternate) 
E-mail: esn@ais.net 

San Francisco Telecom, Inc., an exciting and growing division of Level One 

Communications, Inc., leads the way in the design of unique, state-of-the-art, 
integrated circuits for the telecommunications industry. Our leading-edge 

technology, commitment to continuous research and development, and 

aggressive products position us for the future. Share in our growth by applying for 
one of the following positions available at our San Francisco, CA location: 

RF IC Design Engineers/Managers 
Responsible for design and development of high-frequency/RF analog and mixed 

signal ICs in CMOS/BiCMOS. Will participate in system design, IC design and 
layout, design verification and testing of prototype silicon. Engineers must have 4-
6 years high frequency analog and mixed signal design experience. RF and/or 
communications applications preferred. Managers must have 7+ years 
supervisory/project management experience and desire to lead team of 2-6 
people. Both positions require BS/MSEE. Job Code RFIC. 

CMOS Analog/Mixed-Signal IC 
Design Engineers 

Must have experience in areas such as A-D converters, switched capacitor filters, 
on-chip equalizers, timing recovery and line drivers. Requires BSEE/MSEE and 3+ 
years of experience. Job Code ANAG. 

Digital CMOS IC Design Engineers 
Must have experience in VHDL coding, logic synthesis, state machine design and 
high-speed circuit design (Adder, Memory) for data path structures. ATM, SONET, 

and/or SDH experience preferred. Requires BSEE and 5+ years of experience or 
MSEE and 3+ years of experience. Job Code DIG I. 

As a division of Level One Communications, Inc., San Francisco Telecom, Inc. 
offers a superb salary and benefits package. To learn more about these exciting 

opportunities, send your resume to: Level One Communications, Inc., Human 

Resources, Department SFT, 9750 Goethe Rd., Sacramento, CA 95827. Email: 
jobs@level1.com (text only). Fax: (916) 854-1110. Visit our homepage on the 

World Wide Web at: http://www.level1.com/. EOE. 

San Francisco 
Telecom, inc, 
A LEVEL ONE COMMUNICATIONS COMPANY 

RF DESIGN 
radio • data • phone 

RF design from circuit to 
system level. Analog, digital, 
ASIC, DSP, spread spectrum. 

Lanni Johnson, CPC 

OF ALBIQIERQIT. INC. 

505-262-1871 
FAX 505-268-4954 

Excel of Albuquerque, Inc. 
excelalb@ix.netcom.com 

1700 Louisiana NE, Suite 210 
Albuquerque, New Mexico 87110 

MICROWA VE RF ENGINEER 
A self starter degreed engineer. Must have successful design analysis 

and testing of RF circuitry including Amplifiers Filters. 

Hands on experience in using modern CAD circuit design and layout. 

SEND RESUMES AND SALARY HISTORY TO: 

AEROANTENNA TECHNOLOGY, INC. 
20542 PLUMMER ST. • C H AT S W O R T H, C A 9 1 3 1 1 

(818) 993-4525 
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Career 
Opportunities 

'ecruitment NETWARE 

Explore New Frontiers in 
Wireless Communication 

Technology 
For over seven decades, E.F. Johnson 
Company has maintained a position on the 
leading edge of technology that has enabled 
us to provide our customers with the most 
advanced radio communications possible. 
A progressive future-directed organization of 
creative professionals, we're acknowledged as 
an industry leader in the design, manufacture 
and support of a broad range of state-of-the-
art wireless communication products and 
services. Currently we seek experienced 
Engineering professionals to work in our 
Waseca, Minnesota (60 miles south of Min¬ 
neapolis) Operations and Engineering facility. 

RF Design Engineers 
Positions involve circuit level design, PCB lay¬ 
out design, radio level integration and testing 
and design documentation. BSEE and 2+ yrs. 
exp. including analog and/or RF design of re¬ 
ceivers, transmitters or frequency synthesiz¬ 
ers and exp. with frequencies in the 150 to 
1000 MHz range. CAD exp. a plus. 

Network Engineers 
BSEE, MS or Ph.D. desired and 5-7 yrs. 
direct exp. required in network protocols like 
Ethernet, Slotted-aloha, TDM busses with 
additional exposure to software protocol de¬ 
velopment and control structure development 
TCP, IP and SNMP exp. highly desired. 
We offer a smoke-free environment, competi¬ 
tive compensation and an excellent benefits 
package. Women and minority candidates are 
encouraged to apply. 
Please send resume and salary requirements 
in confidence to E. F. Johnson Company, 
Human Resources/ENG, 299 Johnson Ave., 
P.O. Box 1249, Waseca, MN 56093-2564. Fax 
507/835-6415, E-mail: efjeng@efjohnson.com 

EFJohnson 
Equal Opportunity Employer 

SCTE 
Sustaining 
Member 

roehlich & Co. 
utive search 

Designers, Engineers, Managers 
Wireless/T elecomm/CATV/Video/Voice/Data 

RF Equipment and Systems Design: Transmitters, 
receivers, amplifiers, mixers, filters, synthesizers, 
modulators, demodulators. PLL's, VCD's. Skills, 
include: PCS, PCN, Spread Spectrum, DSP, 4 
CDPD, TDMA, CDMA, QPSK, QAM & others. 

Digital/Analog, DC to 2 GHz. 4 

Nationwide. Call or write. Fees paid. 

P.O. Box 339 Weatherford, TX 76086 
(800) 742-4947 • Fax: (817) 594-1337 
E-Mail: 72774.3617@compuserve.com 

Products 
: Services 

Part 15 Wireless Designs 

Use one of our 
proven RF 

designs for your next 
wireless project. Apex 
offers over 70 years 
of combined wireless 
design experience 
extensive test and 
simulation 
capabilities 

■ Spread Spectrum 
Systems 

■ Portable, 
Low Power, 
Small Size Devices 
■ RF Identification 
Devices 

■ Pagers 
■ GPS 

■ Keyless Entry 

2400 Central Ave., Suite A, BoulderXCQ 80301 
(303) 443-6699 FAX (303) 443-4974 

E Mail: 75017.3120@Compuserve.com 

TARGET 
YOUR 

MARKETING. 
A-COMM ELECTRONICS 

Aim your advertising at the right audience! 
Contact: Terri Stenson 

(303) 220-4288 • FAX: (303) 793-0454 

Refurbished Test Equipment 
DC-26ghz HP GR Wavetek Tektronix 

Send for Catalog Listing: 
71 98 S. Quince Street 
Englewood, CO 801 12 

303-290-801 2 • FAX 303-290-81 33 

Redesign 
78 

PROMOTE 
YOUR 

PRODUCTS 

AND 

SERVICES. 

Contact: Terri Stenson 
RF Design 

MARKETPLACE 
(303) 220-4288 

FAX: 
(303) 793-0454 

Invest Your Advertising $$$ 
Where Your Prospects 
Invest Their Time... 

¡design 
Contact Terri Stenson: 

(303) 220-4288 • FAX: (303) 793-0454 

Contact TERRI STENSON Today 

To Place A Marketplace Ad: 

(303) 220-4288 • FAX: (303) 793-0454 
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RF Design 

If satellite communications is 
critical to your business, 

SCEC '96 is critical to your future. 

Formerly the Satellite Communications Users Conference 

September 24 - 27, 1996 
Sheraton Washington Hotel 
Washington D.C., U.S.A. 

• 20 Educational Workshops and Roundtables 

• 100 Exciting Exhibits Featuring the Latest Satellite Technologies 

• 1000 New Ideas and Solutions for the Technical & Engineering 

Management Professional 

All new, power packed conference program provides 

practical solutions to the challenges presented by today's 

changing SatCom technologies. 

For complete information on the conference, 
exhibitors, hotels, special events and more, call 
FAX-ON-DEMAND at 1-800-601-3858, or 800-288-8606. 

ATTENTION VENDORS: 
Prime exhibit space is going fast. 
For details on exhibiting, call Kim Greenway, 
Intertec Presentations, 770-618-0423. 

Sponsoring Magazine: Satellite 
Managed and Produced by: ^INTERTEC 

PRESENTATIONS 
A Division of Infartos Publishing Corporation 



Rpdesign 
The Buyers' Guide is a convenient guide to suppliers 

of products and services available for design and 
development engineers. Buyers' Guide listings are 

sold on an annual basis at the rates shown. 

- Per Issue Total/Year 
Regular Listing $22.00 $264.00 
Additional Line_ $19.00 $228.00 
Bold Listing $25.00 $300.00 
Additional Line_ $21 .00 $252.00 
1"Ad $200.00 $2,400.00 
Drop Out In White $25.00 $300.00 

All orders must be prepaid. You can forward 

your check or charge your ad to: 

For information on closing dates and details on a 
special Introductory Offer, call 1-800-848-4237. 
Ask for your yellow page representative. 

CAPACITORS 

DISCRETE COMPONENTS MODULAR COMPONENTS 

Vacuum 
COMET North America, 11 Belden Ave.. Norwalk CT 06850 . (203) 852-1231 
Surcom Associates, Inc., 2215 Faraday Ave., Suie A, Carlsbad, CA 92008 . (619) 438-4420 

Variable 
COMET North America. 11 Belden Ave., Norwalk CT 06850 . (203) 852-1231 

CRYSTALS/RESONATORS _ _ 

SC-cut Crystal Resonators 

FILTERS 
SAW 
Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070 . (203) 651-0211 

SAW Components & Subsystems . Fax (203) 651-8618 

OSCILLATORS_ 

hj REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your SC-cut crystals requirement frequency 4-20 Mhz 3rd overtone. High Q, low 
aging 5x10-" - lxlO"> per day, calibration =0.5 ppm, G-sensitivity up to <3xl0-'°/g 
Holders HC37, HC40. 

11 Beith Hadfus St., Jerusalem 95483 Israel Tel. +972-2-6510082 Fax.+972-2-65 10292 

For your Crystal Oscillator requirements, Clocks, 
TCXO’s, VCXO’s, OCXO’s, Hybrid & Discrete. 

400 W. North St, Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

Quartz 

American KSS Inc. 
Quartz Crystal 

Products 
Corporate Office 
3295 Scott Blvd., Suite 100 
Santa Clara, CA 95054 
Tel: (408) 986-9577 

Fax: (408) 986-1717 

Eastern Regiona Office 

401 E. Louther St. 

Carlisle, PA 17013 
Tel: (717) 243-6C08 

Fax: (717) 243-4343 

Southern Regional Office 

5696 Peachtree Parkway 

Norcross, CA 30092 
Tel: (770) 263-3768 
Fax: (770) 263-3769 

Crystal 
Oak Frequency Control Group, 
100 Watts St., PO Box B, Mt. Holly Springs. PA 17065 . (717) 486-3411 

Saronix. 151 Laura Ln., Palo Alto, CA 94303. (415) 856-6900 (800) 227-8974 

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 . (512) 450-1400 

Phase Locked 
Mode Space Digital 
235 Circle Drive, State College, PA 16801 . (814) 466-3327 FAX: (814) 466-6577 

SYSTEM SUBASSEMBLIES 

Oak Frequency Control Group, 
100 Watts St., PO Box B, Mt. Holly Springs. PA 17065 . (717) 468-3411 

HH REEVES-HOHMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your AT Crystal requirements, including High 
Frequency Fundamental Oscillator Crystals up to 
155.52 MHz and Filter Crystals to 150 MHz HFF. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

DIODES 
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851 ...(508) 256-4113 ext.3311 

Varactor 
Knox Semiconductor, Inc. 
13 Quarry Rd., P.O. Box 609, Rockport, ME 04856 ... (207) 236-6076 Fax (207) 236-9558 

HIGH POWER DIODE SWITCHES 
Hill Engineering, 461 Boston Rd.. Topsfield, MA 01983 .. (508) 887-5754 Fax 887-7244 

INTEGRATED CIRCUITS/MCM 
California Eastern Laboratories, 
4590 Patrick Henry Dr.. Santa Clara, CA 95054-1817(408) 988-3500 Fax (408) 988-0279 

Micro Hybrids. Inc., 2864 Route 112, Medford, NY 11763 . (51 6) 732-3448 

RF, Analog & Mixed-Signal ASICs 
Full-Custom Designed ICs: Bipolar; CMOS, BICMOS 

Frequency Synthesis, Mixers, Amplifie's, A/Ds, D/As, Switch Cap Circuits 

n T f* TEL: (3IO) 534-3016 • FAX: (310) 534-3728 
l\ I Inc. RO. Box 3986, Torrance, CA 90510 »E-MAIL sales® rtg.com 

PRINTED CIRCUIT BOARDS 
Harmon Electronics, Inc., 601 N. Main, Warrensburg, MO 64093 . (816) 747-2236 

ANTENNAS 
Sinclair Technologies, Inc., Oriskang Dr., Tonawanda, NY 14150 . (800) 288-2763 

RF TRANSMISSION COMPONENTS 

Custom & Specialty 
Myers Engineering International, Inc. 

P.O. Box 15908, Ft. Lauderdale, FL 33318 . (954) 345-5000 Fax: (954) 345-5005 

Site 
DAPA, Deleware Park Centre, Suite 6, Olean, NY 14760 . (800) 325-DAPA 

CABLE ASSEMBLIES 
SRC Cables, 5590 Skylane Blvd., Santa Rosa, CA 95403 . (707) 573-1900 

FILTER ASSEMBLIES 

hj REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

AMPLIFIERS 

MODULAR COMPONENTS 

Broadband 
Dressler HF Technik Gmbit, 
Werther Str. 14-16, D-52224, Stolberg, Germany. +49-2402-71091 Fax: (-71095) 

FILTERS 
Delta Microwave Inc.. 840 Vira Alondra, Camarillo. CA 93012 . (805) 987-6892 

Crystal 
Reeves-Hoffman. 400 W. North St., Carlisle, PA 17013 . (717) 243-5929 
RF Microwave 
Microwave Circuits. Inc., 6856 Eastern Ave., NW, Washington, D C. 20012. (800) 642-2587 

For your Crystal Filter requirements from 1 KHz to 
150 MHz Fundamentals and up utilizing Overtone 
Crystals. 

400 W. North St.. Carlisle, PA 17013, Tel: 717-243-5929. Fax: 717-243-0079 

Low Pass 
Coil Specialty Co. 
2730 Carolean Ind. Dr., PO Box 978, State College. PA 16801 . (814) 234-7044 

ISOLATORS/CIRCULATORS 

AEROTEK COMPANY LIMITED 
- Manufacturers of Circulators and Isolators 
Coaxial and Drop-in types, 400 MHz-18 GHz - J "TOP QUALITY, REASONABLE PRICE" 
1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand. 

AEROTEK Tel: (662) 3114448, 332-5035 Fax: (662) 332-5034 

Airtron Corp.. 200 E. Hanover Ave., Morris Plains, NJ 07950 . (201) 539-550C 

MICROWAVE CONNECTORS 
Coaxial Connectors, Inc. 
1500 N.W. 62nd St., Ste. 501, Ft. Lauderdale, FL 33309 . (305) 772-266^ 
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RETRANSMISSION COMPONENTS 

MICROWAVE CONNECTORS 
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe, AZ 85282 ... (800) 587-5995 

PRECISION RF CONNECTORS 
Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 . 800-M0LEX78 
Specialty Connector Company, 

2100 Earlywood, Franklin, IN 46131 . (317) 738-2800 Fax: (317) 738-2858 

SURGE & TRANSIENT PROTECTORS 

Lightning Suppressors ■ D.C. - 2ó GHz 
Coaxial ■ Powerline • Digital 

■ 1 "■ ■" The Products & Services 
I , [*f]l I Directory is a convenient 

■ ■ lull guide to suppliers of prod-
j | IVIV I ucts and services for the 

imifn EMC/ESD industry. Prod-
Itùl a UlûIuN ucts & Services Directory 
listings are sold on an annual basis. 

For information on rates, 

closing dates and details 
on a special Introductory 

Offer, call 1-800-848-4237 

Ask for your yellow page 

representative. 

ELECTRONIC COMPONENTS AND EQUIPMENT 

FISCHER CUSTOM COMMUNICATIONS, INC. • (3 10)89 1 -0635 | 

SWITCHES 
Electromechanical 
Dow-Key Microwave Corp., 1667 Walter St, Ventura, CA 93003 . (805) 650-0260 

M8F Microwave, Inc., Rt. 2, Box 252A, Hardy. AR 72542 . (501) 856-2685 

TEST SOCKETS & TEST FIXTURES 
Oondel Microwave Technology 

19925 Stevens Creek Blvd., Cupertino, CA 95014 . (408) 253-1811 

VACUUM CAPACITORS 
SOMET North America, 11 Belden Ave., Norwalk, CT 06850 . (203) 852-1231 

VACUUM TUBES 

EMI SUPPRESSION COMPONENTS 
EMI/RFI Filters 
RtroN Corp., P.O. Box 743 Skokie, IL 60076 . (708) 679-7180 

ESD AND SURGE CONTROL COMPONENTS 
Lightning Arrestors 
Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505 .. (31 0) 891 -0635 

CABLE ANO CONNECTORS 

WAVEGUIDES & COMPONENTS 
Electromechanical 
WBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542 . (501) 856-2685 

MATERIALS AND HARDWARE 
CRYSTAL BLANKS 
teeves-Hoffman, 400 W. North St, Carlisle, PA 17013 . (717) 243-5929 

MOBILE DATA TERMINALS 
Jinet, Inc. (AVL/GPS) . (619) 724-5355 Fax: (619) 724-6209 

’ACKAGING/CRYSTAL HOLDERS 
Crystal Holders 
Jnited Glass to Metal Sealing, Inc., 

11A Executive Park Dr., North Billerica, MA 01862 . (508) 670-6494 

Îomoonents/Hvbrid Packages 
teeves-Hoffman, 400 W. North St, Carlisle, PA 17013 . (717) 243-5929 

’C BOARDS 
.aminates. Polyester Copper Clad 
ilasteel Industrial Laminates, P.O. Box 910, Collierville, TN 38027 . (901) 853-5070 

TEST EQUIPMENT 

Connectors And Adapters 
ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 .. (800)366-3891 X3000 

Optical Fibers And Connectors 
ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 .. (800)366-3891 X3000 

EMC TEST EQUIPMENT - EMISSIONS 
Absorbers 
Advanced Electromagnetics, Inc., PO Box 711719, Santee, CA 92072-1719 .. (619)449-9492 

Microsorb Technologies, Inc., 14A Airport Dr., Hopedale, MA 01747 . (508) 634-1900 

Anechoic Chambers 
Advanced Electromagnetics, Inc., PO Box 711719, Santee, CA 92072-1719 .. (619)449-9492 

Antennas 
Antenna Research Associates, Inc., 11317 Fredrick Ave, Beltsville. MD 20705 .. (301)937-8888 

Antennas Above 30 MHz 
Antenna Research Associates. Inc., 11317 Fredrick Ave, Beltsville, MD 20705 .. (301)937-8888 

Antenna Masts 
Antenna Research Associates. Inc., 11317 Fredrick Ave. Beltsville. MD 20705 .. (301)937-8888 

Current Probes 

Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505 .(310) 891-0635 
Ion Physics Corp., 11 Industrial Way, Atkinson, NH 03811 . (603) 893-6687 

GTEM Cells 
Antenna Research Associates, Inc., 11317 Fredrick Ave, Beltsville. MD 20705 .. (301)937-8888 

Line Impedance Stabilization Networks 
Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505. (310) 891 -0635 

EMC TEST EQUIPMENT - SUSCEPTIBILITY 
Antennas 
Antenna Research Associates. Inc., 11317 Fredrick Ave, Beltsville, MD 20705 .. (301)937-8888 

GTEM Cells 
Antenna Research Associates. Inc., 11317 Fredrick Ave, Beltsville, MD 20705 .. (301)937-8888 

Power Amplifiers 
Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 . (817) 249-4180 

Shielded Fiber Optic Links 
Antenna Research Associates. Inc., 11317 Fredrick Ave, Beltsville. MD 20705 .. (301)937-8888 

ESD TEST EQUIPMENT 

tacal Instruments, 4 Goodyear St, Irvine, CA 92718 . (800) 722-2528 

tNTENNA TEST & RF INSTRUMENTATION 
inritsu Wiltron Co., 

490 Jarvis Dr., Morgan Hill, CA 95037 . (408) 776-8300 Fax (408)776-1744 

tF TEST & MEASUREMENT EQUIPMENT 
I0AXIAL DYNAMICS, INC., 

15210 Ind. Pkwy., Cleveland, OH 44135 . (216) 267-2233 Fax (216) 267-3142 
■rayson Electronics, 

306 Enterprise Dr., Forest, VA 24551 . (800) 800-7463 Fax (804) 385-7692 

ESD Event Detectors 
TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY 14103 . (800) FOR-TREK 

Surface & Volume Resistivity Meters 
TREK INC., 3932 Salt Works Rd., RO. Box 728, Medina, NY 14103 . (800) FOR-TREK 

MATERIALS, HARDWARE AND PACKAGING 

SERVICES 
IF DESIGN CONSULTANTS 
Matrix Micro Systems, Inc., P.O. Box 675, Northport, NY 11768 . (516) 754-1155 

RF/Microwave Circuit Design. PC Design, Prototyping . email: fk@ix.netfcom.com 

)EM PRODUCTS 
ocus, Inc., 1842 Hoffman St., Madison, Wl 53704 . (608) 244-0500 

ELEMENTRY SYSTEMS & ENGINEERING 
elemetry Technologies. Inc., 3307 West St.. Rosenberg, TX 77471 . (713) 344-9000 

SHIELDING MATERIALS 
Conductive Adhesives 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Conductive Fiber/Fabric 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Gasketing Materials 
Venture Tape Corp., 30 Commerce Rd., Rockland. MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Laminates 
Venture Tape Corp., 30 Commerce Rd., Rockland. MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Sheilding Foils and Tapes 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065 

ESD PACKAGING 

SOFTWARE & SYSTEMS, CAD/CAE 
lircuit Simulation 
igSoft Ltd.-the providers of the RF Designer® Solution . (416) 730-9611 

213 Dunview Ave., North York, ON M2N-4H9, Canada . Fax: (416) 226-0861 

IYSTEM SIMULATION 
:HR Laboratories. 207 Harding Blvd. W., Richmond Hill. Ontario, CN L4C 8X6 . (905) 884-2392 

esoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 . (800) 631-1113 

Antistatic and Conductive Polyurethanes 
Pad-Tastics, Inc., P.O. Box 50479, Ciercero, IL 60650 . (708)780-8402 FAX (708)780-1636 

TEST LABORATORIES AND CONSULTANTS 

Makers of TESLA Com Simulator . Fax (770) 664-5817 Inti (770) 751-9785 

LABORATORIES 
TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112 . (800) 888-0123 

CONSULTANTS 
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN 55108 . (612) 330-3728 

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp. 
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3M 69 
Allen B. DuMont Labs 30 
Amplifonix 65 
Amtech Systems 20 
Andrews Corp 18, 65 
Ansoft SI Products 70 
Bliley Electric 69 
Celwave 18 
Coaxial Components 65 
Comlinear 66 
Comtech Microwave Products 66 
CP Clare 64 
Champion Technologies 70 
DSP Associates 16 
Eg6 Communications 70 
Electrical Manufacturing & Coil Winding 16 
Electronic Industries Association 16 
EMC Test Systems 69 
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Harris Semiconductor 69 
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hf+ 59 
Hobbs Engineering 16 

InfoSat Plus 20 
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K&L Microwave 65 
MACC 16 
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of Technology 30 

Maxim Integrated Products 66 
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Microwave Online Service 20 
Miller Freeman 16, 70 
Mini-Circuits 65,66 
Motorola 70 
Motorola Semiconductor 66 
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National Institute of Standards 
and Technology 16,20 

Nexus Information Technology 16 
Noise Com 64 
Orion Software 36 
Philips Semiconductors 70 
PTI 66,69 
Qualcomm 65,66 
RCA 14 
Redsat 20 

Reitlif Testing Laboratories 20 
RF Monolithics 64 
RF Prototype Systems 64 
Rockwell International 20 
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Rohde & Schwarz 47 
SGS-Thompson Microelectronics 66 
Shedd Group, The 59 
SpaceCom 20 
Stanford Telecom 20 
TeleComm 20 
Telecommunications Industry Assoc. 47 
Tessco Technologies 20 
Tru-Connector 65 
Tusonix 69 
Underwriters Laboratories 16 
University of Rome 16 
Vari-L 69 
Virginia Polytechnic Institute 70 
Walker Mitchell Ltd. 16 
Wavetek 20 
Wescon 16 
Yokogawa Electric Corp, of Japan 20 
Z Domain Technologies 18 

RF advertising index_ 
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Amplifier Research . 49. 31 LPKF CAD/CAM Systems, Inc. 59 . 43 
Anritsu Wiltron. 15 . 35 Mini-Circuits . 4-5,6,23,55. 58,70,20,68,53,69, 
Aydin Vector........... .. 14 . 8 . 62-63,87 . 34,74,3,66,4,67 
California Eastern Labs. 88 . 48 Miteq. 31 . 47 
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Coastel Cable Tools. 26 . 15 National Semiconductor . 19 . 92 
Communications Concepts . 56 . 39 Noise/Com, Inc . 2-3 . 5 
Compact Software . 17 . 51 Penny Technologies, Inc . 69 . 49 
Cougar Components . 16 . 9 Penstock. 11,40,57,71 . 12,17,36,50 
DKD Instruments. 18 . 10 Programmed Test Sources. 60 .   46 
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ENI. 41 . 28 RF Micro Devices . 39 . 27 
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Hewlett Packard. 25 . 14 TRL Technologies. 30 . 23 
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^^J-LEAD 

MIXERS 
UNPRECEDENTED 

RIVAUX. 
All Ceramic 2 to 1900MHz (qty. 10-49) 

JMS mixers mean unparalleled performance and reliability. Solder plated 
J leads provide improved reliability of the solder connection while 

significantly reducing thermal stress and leaching. All-welded 
fc. internal construction withstands reflow temperatures up 

to 240°C for 5 minutes, and rugged construction enables 
JMS mixers to pass tough MIL-M-28837 shock and 

vibration tests. Additionally, the all-ceramic surface mount 
package has a cover pull strength of 20 pounds! Other quality 

features include 4.5 sigma repeatability unit-to unit, 
automated assembly for low-cost and fast, guaranteed 1 week 

shipment, tape and reel availability plus a 5 year Ultra-Rei™ 
guarantee. If value is a must...specify JMS mixers from Mini-Circuits. 

Mini-Circuits... we’re redefining what VALUE is all about! 

SPECIFICATIONS MIDBAND (dB. typ.) 
LO FREQUENCY (MHz) Conv. Isolation $ea. 

MODEL (dBm) LO/RF IF Loss L-R L-l (qty. 1-9) 

JMS-1 +7 2-500 DC-500 5.75 45 45 4.95 

JMS-1 LH +10 2-500 DC-500 5.75 55 45 8.45 

JMS-1 MH +13 2-500 DC-500 5.75 60 45 9.45 

JMS-1H +17 2-500 DC-500 5.90 50 50 11.45 

JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45 

JMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45 

JMS-2LH +10 20-1000 DC-1000 6.5 48 35 9.45 

JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45 

JMS-2H +17 20-1000 DC-1000 7.0 50 47 12.45 

JMS-2W +7 5-1200 DC-500 6.8 60 48 7.95 

JMS-1 1X +7 5-1900 5-1000 6.7 35 37 4.25* 

Note: *10-49 qty. 

O Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com 

CIRCLE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT NEEDS... Let Our Experience Work For You. F 205 Rev Orig 



...MORENEW 

3 VOLT 
RFICs 
FOR YOUR HANDHELD 

WIRELESS 
PRODUCTS 

Dozens of 3 Volt Amplifiers, Prescalers, 
Up & Downconverters, IQ Mods & Demods, 

and Transistor Arrays, including: 

UPC8104GR 
IQ Modulator 

with Up Converter 

800 MHz to 2.4 GHz 

2.7 to 5.5 V Supply Voltage 

UPC2758T 
Downconverter 

100 MHz -2.4 GHz 

17 dB CG @2.0 GHz 

+6 dBm IP3 

UPC8106T/09T 
Up Converters 

800 MHz - 2.4 GHz 

7 dB CG @ 1.9 GHz 

2.7 to 5.5 V Supply Voltage 

UPC2762T/63T 
Driver Amplifiers 

100 MHz - 1.9 GHz 

14 or 20 dB Gain and 

+7 dBm PldB @ 1-9 GHz 

UPC2768GR 
Downconverter 

DC - 450 MHz 

80 dB Conversion Gain 

On-chip Oscillator 

UPC2771T 
Wideband Amplifier 

100 MHz -2.1 GHz 

21 dB Gain and 

+ 11.5 dBm PldB @ 900 MHz 

...plus a wide variety of Silicon Devices 
for 5 Volt applications. Including: 

NEC's 3 Volt ICs not only reduce power 

consumption in your wireless designs, 

they help reduce your parts count, improve the reliability, 

and simplify assembly. 

We’re committed to 3 Volt Silicon technology. 

These parts are just a sampling of the wide variety of 

UPC2709T 
Wideband Amplifier 

100 MHz-2.3 GHz 

23 dB Gain 

+8 dBm PldB @ 900 MHz 

UPC2766GR 
IQ Demodulator 

35 dB AGC Dynamic Range 

Flat Response to 1 GHz RF 

DC-100 MHz I/Q Output 

the semiconductors we stock. 

We also stock 5 Volt ICs — plus NEC’s huge family 

UPC2721GR 
High Compression Point 

Downconverter 

900 MHz -2.0 GHz 

21 dB Conversion Gain 

UPB1505GR 
Prescaler 

+64/128/256 

3 GHz Guaranteed RF Input 

High Input Sensitivity 

of discrete devices. Many of these transistors are charac¬ 

terized at 1 to 3 Volts, and most are available in a 

number of package styles, including the new ultra¬ 

miniature 0.8 X 1.6 mm NEC "19" package. 

For product literature, call your nearest CEL Sales 

Office. Or better yet, call anytime, 24 hours a day: 

...plus dozens of discrete transistors 
including three new small signal bipolar series: 

Part* nf W® 6a (dB) v/lc ítest(GHz) 

NE68619 1.7 10.0 2V/3mA 2.0 

NE68719 1.5 8.0 iV/3mA 2.0 

NE68819** 1.6 8.0 3V/7mA 2.0 

CEL/Fax 800-390-3232 
* Available in six different plastic packages, including the ultraminiature NEC "19* package 

** Low Phase Noise Device 

CEL California Eastern Laboratories NEC 
CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com 

Sales Offices Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307 

Richardson, TX (214) 437’5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600 

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682 

INFO/CARD 48 




